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A*DMINISTRATIVE  INFORMATION 

I.  Background  of  Work 

During  the  past  several  years,  this  Laboratory  has  prosecuted  a 
project  '■  Measurement  of  Attenuation  Parameters  for  Real  Atntospheres” 
sponsored  by  the  Defense  Atomic  Support  Agency  (formerly  Armed 
Forces  Special  Weapons  Project).  The  primary  objective  of  tins 
project  was  to  nicasutc  tlte  attenuation  coefficients  for  thermal  radia¬ 
tion  reaching  a  target  from  a  ATT  source,  and  the  secondary  objective 
was  to  dcteriniiic  the  angular  scattccing  diagrams  of  teal  atmospheres 
foi  tadiation  in  the  visible  and  near  infrared  regions  of  the  spectrum 
as  a  liinction  of  wavelength  and  atuiospheric  properties. 

II.  Authorization  and  Funding 

Tins  work  wrs  autuorized  ny  the  Deteiise  Atomic  Support  Agency 
under  RD  iO  -uO,  WL  !  Xo.  12.307  rnd  funded  under  liudget  Project  9D 
allotment  I7b  dO  and  el .  Details  of  this  w'ork  can  he  found  in  the 
U.S.  Xaval  Radiological  nefense  I  rhoratory  IT  lOFl  Technical 
Program  as  Program  A -2.  Problem  7. 

III.  Descriutiou  of  Work 


During  FT  lO.uP  ecuipmcnl  was  designed,  fabricated,  and  used  t© 
delcnniee  the  radiation  attenuating  nropetiies  ef  clear  atmospheres 
at  tne  Nevada  Test  Site.  In  FY  1960  the  ecjuipnient  was  modified  agd 
ir'easureire.its  uiade  m  atmospiieres  with  overcait  cloud  eonditioiu  at 
the  same  .ocatiou.  In  FY  1901  aitc:  further  equipment  modification 
measurements  were  made  in  thc^siiir.iner  aliitotpherci  of  Loi  Angeles, 
Cniiiornia.  Tim  results  of  the  FY  iSGl  r.icaaurcincms  arffl  a  ducnsiiois 
relating  tliem  to  llie  earlier  NRDI.  itudtei  a«c  contained  in  tbit  aepoa*.  • 
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ABSTRACT 


Measurements  of  peak  irradiances  have  been  made  in  Los  AxigeleS; 
California,  nighttime  atmospheres  at  distances  from  0. 90  to  6.77  '  " 
statute  miles  from  a  Xenon  flashlanrp  radiating  ualformly  in  all  ; 
directions.  The  mcaciiroments  were  made  at  wavelengths  0.40,  * 

0*77  0.88(1  (microns)  vith  receiver  fields  of  view  up  to  64  "de¬ 

grees  half-angle.  From  these  data  attenuation  coefficients  were 
calcvilated  for  collimated  transmission  and  aureoled  transmission 
(4jr  source  and  flat  receiver  facing  the  source).  -  Also  calculated 
for  aureoled  transmission  were  values  of  R,  the  ratio  of  "scattered- 
in"  radiation  to  direct  radiation  received  by  the  flat  receiver  at 
various  distances  from  the  source.  Angiilar  scattering  diagrams  and 
attenviatlon  coefficients  for  scattering  were  measured  for  radiation 
of  wavelengths  0.40,  0.45,  0.50  and  Relations  between  these 

optical  characteristics  of  the  atmosphere  and  meteorological- charac¬ 
teristics  such  as  visibility,  relative  humidity,  and  contaminant 
contents  were  examined.  Investigations  of  transmission  variability  ■ 
with  respect  to  both  time  end  space  were  made.  Curves  were*  prepared 
from  these  and  other  experimentaJ.  data  showing  transinittances -of  four 
typical  atmospheres  as  a  function  of  range  for  the  case  of  flat  re¬ 
ceivers  hnd  radiation  from  a  4jt  black  body  source  at  6OOO  degrees  K. 


.SUMMARY 


The  FrobleBi:  ^  ^  * 

The  amovint  of  theimal  radiation  delivered  'to  a  given  receiver  <, 

^  from  the  fireball  of  a  nuclear  explocion  depends  on  the  transmitt^ce 
of  the  atmosphere  as  a  fvinction  of  wavelength,  the  spectral  ^stri-  ^  • ' 
butioij  of  the  radiation,  the  receiver  field  of  view,  the  range,  tlie 
albedo  of  the  terrain,  and  the  amoiuit  and  height  above  the  ground  of 
.  clouds  present.  ’,Th&  piirpose  of  this  experiment  was  to  •determine  the. 
range  of  traasKittance  values  of  the  Los  Angelds  niglittime  atmosphere 
during  the  •months  of  AugUst  and  September  i960.  *  •  . 
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The  Findings: 


'’<*■  A  Xenon  flaslilamp  4jt  source  and  mobile  photomultiplier  receivers 

wjth  adjustable  fields  of  view  and  filters  are  used  to  determine 
•  .  attenuation  coefficients  for  colllnat-edHransmisaion  and  aureoled 

^  transmission  (4it  source  and  flat  receiver),  and  for  calculating  R,  the 
ratio  of  "sccfttered-in**  to  direct  irradlance,  at  source-receiver  dis- 
»  tanCes  ranging  from  O.9O  to  6».77  statute  miles,  -k.  polar  nephelometer 
Is  u£?ed  to  obtain  aiigiilar  scattering  diagrams  and  attenuation  co-  * 

S  efficients  for  scattering  for  radiation  of  wavelengths  0.40,  0.45,^’ 
‘0  0.5®  and  0*55^*  in  the  l!Os  Angeles  nighttime  atmosphere.  For  26  test' 
®  nights  during  August  and  September  I960,  50^  of  "ths  measured  attenu- 
o  ^lon  coefficients  f6a  coJQ^m^ted  transmission  of  O.5O1J.  radiation  are 
In  the  range  0.52  lio'O.^S’mile  a  ;  50^  of  the^measured  attenuation^ 

transmission  of  O.5C41  radiation  ai'e  in  the 


W.L.  ^  J.X 


^  ..-N  T 


range‘’0.32  to*0*$8  loile**^.  *  Values  of  R  are  found  to  increase  with 
distance  on  both  clear  ^d  cloudy  nights  with  one  exception  in  which 
‘  clouds  §.t  1,000  feet  are  accompanied  by  a  maximum  in  the  R  versus 
<?  distfince  cxirves  for  radiation  of  wavelength  0.77  6.88p,.  WeaK^ 

cbri'elations  are  found  between  attenuation  coefficients  and  visibility, 
and  between  attenmtlon  coefficients  and  the  contaminants  NO^,  CO,  an^ 
-jparil collate  matter  •“»*-.//• 
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REPORT  OF  INVESTIGATION 


INTRODUCTION 

Experimental  measurements  of  nighttime  transmission  of  visible 
and  near  infrared  radiation  from  a  4jt  source  to  an  \mcollimated  re¬ 
ceiver  have  been  made  during  recent  years  in  the  San  Francisco  Bay 
Area,  in  the  San  Joaquin  Valley  and  in  Yucca  Flat  at  the  Nevada  Test 
Site.  ^  This  report  describes  the  results  of  similar  measure¬ 

ments  made  at  night  in  Los  Angeles,  California,  during  August  and 
September  of  i960. 

EXPERIMENTAL  ARRANGEMENT 

The  equipment  used  in  this  investigation  was  essentially  the  same 
as  that  described  in  the  report  of  the  Nevada  Test  Site  Stiidy  of 
February  i960.  A  few  modifications  were  made  to  meet  new  operating 
reqiolrements  of  the  Los  Angeles  area  and  to  remedy  deficiencies  which 
became  apparent  during  the  previous  study. 

Two  types  of  measurements  were  made.  Transmission  of  the  atmos¬ 
phere  was  measiired  by  means  of  a  light  source  and  two  mobile  re¬ 
ceiving  stations.  Angular  scattering  characteristics  were  determined 
by  a  polar  nephelometer. 

The  4n  radiation  source  was  a  General  EELectric  FT-6I7,  Xenon- 
filled  flashlump  flashed  automatically  at  2  minute  intervals  by  dis¬ 
charging  through  it  a  1200  mfd  capacitor  charged  to  a  potential 
difference  of  5750  volts.  The  flash  dioration  was  approximately  5 
milliseconds.  Figure  1  shows  the  lamp  as  mounted  on  top  of  the  one- 
ton  panel  truck  which  was  substituted  for  the  trailer  used  in  the 
Nevada  Test  Site  experiments.  The  controls  and  power  supply  system 
for  the  lamp  were  contained  inside  the  truck. 
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Measurements  of  irradistnce  at  different  distances  from  the  lan^ 
were  made  by  two  mobile  receiving:  stations  (Figure  2 )  each  mounted  in 
a  Metro- type  van. 

The  measiirlng  system  used  in  each  receiving  station  consisted  of  a 
photomultiplier  with  auxiliary  apertures  and  filters  and  an  oscillo¬ 
scope  with  vertical  amplifier  input  connected  across  the  photomulti¬ 
plier  load  resistor.  The  peak  height  of  the  photomultiplier  c\irrent 
pulse  produced  by  the  liglit  flash  was  measured  by  observing  the  re- 
siolting  oscilloscope  trace.  Earlier  investigations^  showed  that  the 
peak  height  of  the  trace  is  Just  as  satisfactory  as  the  area  under  the 
trace  as  an  indication  of  the  amount  of  energy  from  the  light  flash 
incident  on  the  photomultiplier.  The  oscilloscope  vas  triggered  by 
the  action  of  the  same  light  flash  on  an  E.  G.  G.  fiduciELi  marker 
focused  on  the  light  so\irce.  The  fiducial  marker  contains  a  sensitive 
photomiiltlpller-and  thyratron  circuit  which  produces  a  trigger  pulse 
at  the  very  beginning  of  the  light  flash.  Oscilloscope  deflections 
for  each  lamp  flash  were  observed  visually  and  recorded  by  the  ob¬ 
server. 

The  field  of  view  "seen"  by  the  photomultiplier  in  each  detector 
was  limited  by  a  fixed  artificial  horizon  and  by  adjustable  stops  above 
the  horizon  with  semi-circular  apertures.  The  aperture  sizes  could  be 
varied  to  permit  fields  of  view  of  4,  8,  l6,  28,  44,  and  64  degrees 
half-angle.  In  addition  to  the  apertures,  the  field-of-vlew  device 
was  eqidpped  with  a  removable  occulter,  also  semi-circular  in  shape, 
but  subtending  only  2  degrees  half-'ingle.  The  occiilter  was  used  to 
blank  out  the  central  portion  of  the  field  of  view  and  thus  eliminate 
the  line-of-sight  radiation  from  the  source.  A  sighting  telescope  was 
used  to  point  the  field-of-view  device  at  the  source.  Tests  made 
diaring  the  study  indicated  that  the  sighting  method  could  center  the 
source  in  the  apertirre  system  with  a  tolerance  of  ±  l/2  degrees  half¬ 
angle.  Four  different  photomultiplier- filter  combinations  were  used 
to  provide  irradlance  measurements  in  four  different  spectral  regions 
centered  at  0.40,  O.5O,  O.77  and  0.88  microns.  The  two  shorter  wave¬ 
length  spectral  bands  were  obtained  with  a  Dumont  6292  photomultiplier 
(S-U  surface)  and  Wratten  filters  No.  59  and  No.  65.  The  two  long 
wavelength  bands  were  obtained  with  a  Dumont  69II  photomultiplier 
(IR  surface)  and  Vfratten  filters  No.  16  and  No.  87.  Figure  5  contains 
four  cirrves  showing  the  product  obtained  for  each  photomultiplier- 
aiter  combination  response  when  mxiltiplied  by  the  estimated  spectral 
distribution  of  the  flash  lamp  output.  The  filter  transmissions  and 
photomultiplier  responses  used  in  these  curves  were  from  manufactirrers* 
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data*  The  spectral  distribution  assumed  for  the  Isuip  is  that  shown^ 
in  the  literature  as  typical  for  a  high  voltage  Xenon  lamp*  it  is 
recognized  that  the  operating  voltage  (5750  volts)  used  on  the  project 
lanp  is  hi^er  than  that  used  for  the  referenced  data.  However,  in 
the  absence  of  more  applicable  data  the  referenced  distribution  curve 
has  been  lised.  The  chief  effect  of  increased  operating  voltage  at  this 
range  would  be  to  shift  the  minimum  in  the  laDip*s  spectral  distribution 
curve  towards  linger  wavelengths.  This  shift  would  have  only  negligible 
effects  ijpon  the  shape  of  the  combined  curves  for  the  two  filter- 
photomultiplier  combinations  having  the  shorter  wavelength  responses. 

In  the  case  of  the  two  longer  wavelength  combinations  the  effect  of  the 
shift  would  be  to  narrow  the  band  width  somewhat  without  affecting  the 
location  of  the  peaks. 

The  Pritchard  polar  nephelometer  described  earlier^'  ’  ’  was  again 
used  to  determine  angular  scattering  characteristics  of  the  Los  Angeles 
atmosphere.  Hils  instrument  measures  the  intensity  of  light  scattered 
from  a  collimated  beam  at  angles  ranging  from  10  to  I70  degrees  at  5 
degree  intervals— the  angles  being  measured  from  the  forward  direction 
of  the  beam.  Wratten  filters  59,  ^7,  65,  and  I6  used  in  the  nephelo¬ 
meter  in  combination  with  a  Dumont  K-1448  photomultiplier  tube  with  an 
S-11  surface  made  it  possible  to  obtain  the  above  mentioned  scattering 
data  for  four  different  spectral  bands  of  widths  approximately  0.2  p 
and  peaks  at  wavelengths  of  0.40  p,  0.45  p,  O.5O  p,  and  0.55  P» 

Figure  4  shows  the  location  of  the  light  source  and  the  observa¬ 
tion  stations  which  were  used  during  the  experiment.  The  numbers 
which  are  shown  with  each  station  identification  indicate  the  distance 
in  statute  miles  between  station  and  light  source  (left  hand  number), 
and  the  station  elevation  in  feet  (right  band  number).  In  this  report 
the  word  "mile"  will  be  imderstood  to  mean  statute  mile. 

The  particular  area  used  for  the  tests  was  selected  because  it  was 
believed  to  be  the  area  most  likely  to  have  the  heavy  nighttime  haze 
and  smog  throtigh  which  the  measurements  were  desired.  The  light  source 
was  located  on  the  top  of  a  hill  adjoining  radio  station  KPiKD  in  High¬ 
land  Park,  approximately  5  miles  HE  of  downtown  Los  Angeles.  Figures 
5  and  6  show  a  panoramic  view  of  the  test  area  as  seen  from  the  source. 
This  source  location  was  chosen  because  it  was  centrally  located  and 
high  enoiigh  to  be  seen  from  many  places  in  the  area  but  low  enough  so 
that  it  would  be  within  the  haze  layer  most  of  the  time.  It  further¬ 
more  fulfilled  other  inportant  requirements  in  that  it  was  easily 
accessible  by  automobile,  had  available  electric  power  (thus  obviating 
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the  use  of  the  gasoline  powered  generator),  provided  an  area  for  safe 
■laytime  storage  of  the  truck,  and  was  far  enough  removed  from  privaxe 
homes  so  that  the  flashiiig  light  would  not  be  considered  objectionable 
by  neighboring  residents.  The  sites  for  the  observation  stations  were 
selected  so  as  to  proAd.de  several  stations  along  each  of  three  different 
lines  or  ranges  radiating  out  from  the  source.  The  Highland  Park  range 
extending  NE  from  the  source  included  the  four  stations  Southwest  Musem, 
Springvale,  Poppy  Pealc,  and  Kenworthy;  the  Los  Angeles  River  range  ex¬ 
tending  NW  from  the  soin-ce  included  the  four  stations  Femleaf,  AUes- 
andro,  Cadman,  and  Griffith  Park;  the  downtown  Los  Angeles  range  SW  of 
the  soAuce  included  the  three  stations  Lacy,  Elysian  Park,  and  Ft. 

Moore. 


The  Highland  Park  and  Los  Angeles  River  ranges  were  quite  similar 
topographically  —  both  being  located  in  shallow  valleys.  The  more 
distant  stations  in  both  of  these  ranges  were  situated  in  areas  which 
were  less  densely  populated  than  those  surrounding  the  central  stations. 
The  doAmtown  Los  Angeles  range  extended  over  a  relatively  flat  terrain 
bounded  on  one  side  by  the  hills  of  Elysian  Park.  In  general,  the 
nighttime  haze  in  the  doAmtoAm  area  appeared  to  be  somewhat  more  severe 
than  that  in  the  other  two  areas,  but  the  difference  was  never  obAd-ous- 
ly  great  and  in  many  cases  could  not  be  detected  at  all.  One  local 
smoke  soAuce  was  apparent  -  an  incinerator  approximately  one-half  mile 
southwest  of  the  Lacy  station  which  Aras  in  operation  six  nights  of  the 
week.  AlthOAJgh  smoke  from  the  incinerator  stack  was  often  observed, 
there  were  no  clearcut  indications  that  it  caused  anomalous  results. 

On  those  occasions  when  the  incinerator  was  shut  doAm  during  the  coAirse 
of  a  test  rm,  comparisons  between  data  taken  before  and  after  the 
shutdoA/n  gave  no  indication  that  the  incinerator  had  a  significant 
effect.  Cn  a  few  nights  when  irradlance  measurements  were  being  taken 
at  the  Lacy  Street  station,  Ad.nd  shifts  brought  the  smoke  doAm  to  the 
groAind  in  the  immediate  vicinity  of  the  truck,  but  even  in  these  con¬ 
ditions  there  was  no  apparent  effect  on  irradiance  levels.  It  is 
therefore  believed  that  althoAigh  the  smoke  from  this  source  undoubted¬ 
ly  contributed  to  the  overall  haze  condition,  it  had  no  localized 
effects  on  irradiance  measurements  which  woAJld  distort  the  attenAxation 
calcAilations . 

FigAires  7  through  13  show  Ad.ews  of  the  soAxrce  as  seen  from  several 
of  the  observation  stations.  The  sites  for  the  observation  stations 
were,  for  the  most  part,  vacant  lots  or  public  groAinds  which  prOAcLded 
a  direct  line  of  sight  to  the  light  source,  Aflth  a  minimum  of  ob¬ 
structions  and  interfering  light  soAxrces  within  the  64  degree  half 
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angle  field  of  view.  The  availability  of  such  locations  In  a  metro¬ 
politan  area  such  as  Los  Angeles  Is  not  great  and  so  It  was  fovind 
necessary  to  use  a  few  sites  In  which  the  field  of  view  was  not  com= 
pletely  clear  of  obstructions.  These  obstructions,  however,  filled 
only  a  smeill  percentage  of  the  field  and  were  not  of  a  highly  re¬ 
flecting  nature  as  can  be  seen  from  typical  examples  in  Figures  10  and 
11.  It  is  believed  that  their  effect  was  negligible. 

EXEERD-IENTAL  AND  DATA  REDUCTION  PROCEDURES 

The  procedures  used  in  this  study  were.  In,  general,  the  same  as 
those  used  and  discussed  in  previoxis  reports.^'  The  following  sections 
sttmmarize  the  methods  and  describe  in  some  detail  any  procedural  changes 
that  were  made. 

At  any  given  station,  with  any  given  photomultiplier- filter  com¬ 
bination,  peak  irradlance  valiies  from  successive  light  flashes  were 
measured  with  various  fields  of  view  with  and  without  the  occulter. 
Figure  Ik  shows  photomultiplier  response  plotted  as  a  function  of 
field  of  view  in  two  typical  runs  —  one  with  and  one  without  the 
occulter.  The  fields  of  view  used  in  these  runs  were  typical  of  the 
procedures  followed  in  the  preliminary  phase  of  the  investigations.  As 
is  discussed  below,  this  procedure  was  changed  somewhat  for  the  latter 
part  of  the  experiment.  The  photomultiplier  response  is  expressed  as 
the  peak  value  of  the  photomultiplier  current  pulse  produced  by  the 
ll^t  flash  as  observed  on  the  oscilloscope  trace.  The  data  repre¬ 
sented  by  the  lower  set  of  points  in  Figure  Ik  were  obtained  with  the 
2-degree  half-angle  occulter  in  place  to  blank  out  the  direct  or  line- 
of-sight  radiation.  Th\m  the  curve  which  has  been  drawn  through  these 
points  represents  all  of  the  "scattered-in“  radiation  except  for  that 
portion  blocked  out  by  the  2-degree  occulter.  For  this  reason  the 
curve  has  been  drawn  to  intercept  the  X-axis  at  field  of  view  2  degrees 
half-angle.  The  "scattered-in"  radiation  which  was  blocked  out  by  the 
occulter  cem  be  restored  by  raising  the  observed  curve  to  pass  through 
the  origin  as  shown  by  the  dotted  line.  The  dotted  line  curve  when 
extrapolated  to  the  90“<iegree  half-angle  field  of  view  gives  the  ir¬ 
radlance  due  to  the  scattered-in  radiation  \rtiich  would  be  received 
from  the  kjt  source  by  a  flat  receiver  or  target.  This  is  called  Igc^ 
the  Irradlance  due  to  "scattered-in"  radiation,  and  is  represented  by 
the  plotted  triangle. 

The  upper  set  of  circles  in  Figure  Ik  show  irradlance  values  with¬ 
out  the  occulter  in  place  and  thus  include  both  the  direct  or  llne- 
of-sight  radiation  and  the  "scattered- in"  radiation.  The  scatter  of 
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"these  points  and  "their  poor  fit  to  "the  shape  of  "the  lower  ctirve  are  "the 
results  of  fluctuations  In  a"tinospheric  transmission  of  "the  direct  por¬ 
tion  of  "the  radiation.  The  curve  which  nets  been  drawn  through  "the 
\jpper  set  of  points  lies  above  "the  lower  dotted  curve  by  eua  amount 
equal  to  "the  average  irradlance  resulting  from  "the  direct  radiation. 
Thus  "the  intercept  of  "this  t^iper  curve  at  0  degrees  field  of  "view  is 
called  and  represents  the  irradlance  due  "to  direct  or  line-of-si^t 
radiation.  The  extrapolated  value  of  this  curve  at  the  QO-degree  half¬ 
angle  field  of  "View  represents  the  irradlance  due  to  bo"th  the  direct 
and  the  "scattered-in"  radiation  which  would  be  received  from  "the 
source  by  a  flat  receiver  or  target.  This  irradlance  value  is  called 
,  the  aureoled  irradlance.  Bo"th  and  axe  plotted  as  tri- 

angSes  on  "the  upper  curve. 

From  the  examination  of  many  such  ciirves  ob"bained  during  the  pre- 
liminaiy  runs  in  the  Los  Angeles  area,  it  became  apparent  that  the 
"scat"bered-in"  irradlance  ciirves  hal  characteristics  in  common  which 
could  be  used  "bo  sli[5)lify  data  taking.  The  lower  portion  of  the  curve 
from  0  to  1*^  degrees  field  of  "view  was  for  all  practical  purposes 
straight  and  "the  slope  of  the  curve  gradually  decreased  as  the  field 
of  "View  Increased.  More  specifically,  "the  average  slope  between  64 
and  90  degrees  half-angle  was  estimated  to  be  O.7  of  the  slope  from 
44  to  64  degrees  half-angle.  Assuming  these  characteristics  to  apply 
to  all  curves  made  it  possible  to  extrapolate  "the  "wlth-occulter"  re¬ 
sponses  to  "the  90-degree  half-angle  field  of  "view  from  da"ta  taken  at 
only  "the  4,  44  and  64-degree  half-angle  fields  of  ’.lew.  Irradlance 
measurements  wi"thout  occul"ber  (direct  plus  "scattered-in")  were  neces¬ 
sary  at  only  the  64-degree  half-angle  field, of  "view  since  the  vertical 
separation  of  "the  curves  (ij^)  covild  be  determined  by  an  average  of 
readings  at  any  desired  field  of  "view.  The  reduction  in  the  required 
nimiber  of  fields  of  "view  made  it  possible  to  "take  a  larger  number  of 
readings  at  each  field  of  "view.  This  result  was  believed  highly  de¬ 
sirable  in  "View  of  the  variabilities  of  "the  Los  Angeles  a"tmo5phere. 
Accordingly,  the  following  schedilLe  of  observations  was  used  for  each 
photomultiplier- filter  combination;  64,  64,  64,  64,  64^,  64q,  4q,  4q, 
44g,  44q,  64q,  64q,  64,  64,  64,  64  degrees  half-angle,  where  the  sub¬ 
script  o  indicates  "that  "the  2-degree  half-angle  occiiLter  was  in  place. 
The  large  number  of  64-degree  readings  wi"th  and  without  occiilter  were 
"taken  because  these  were  "the  most  inportant  readings  in  establishing 
the  I.  and  "values,  and  also  because  the  64-degree  readings  without 

occulter  customarily  had  a  wide  spread.  As  was  indicated  above,  the 
4-degree  readings  ■wl"th  occiilter  and  the  assumed  X-axis  intercept  at 
2  degrees  half-angle  field  of  "view  were  used  to  es"tablish  the  amount 
the  curve  should  be  raised  to  res"tore  "the  "scattered- in"  radiation 
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■blocked  out  by  the  occulter.  Die  44-degree  reading  with  occulter  waa 
used  in  conjunction  with  the  64-degree  reading  with  occulter  to  estab¬ 
lish  the  curve  slope  for  extrapolation  to  90  degrees  half-angle  field 
of  view.  Beginning  and  ending  each  run  with  a  series  of  64-degree  half¬ 
angle  field  of  view  readings  made  it  possible  to  evaluate  the  over-all 
constancy  of  the  atmospheric  transmission  characteristics  during  the 
run.  In  several  cases  marked  changes  in  atmospheric  conditions  were 
detected  by  congiarlsone  of  these  readings.  In  such  eases  the  data  were 
discarded  since  extrapolation  of  the  curve  of  irradlance  versus  field 
of  view  pre-siipposes  constant  atmospheric  conditions  over  the  time 
period  during  which  the  data  were  taken. 


Data  taken  over  the  same  time  period  by  each  of  the  two  mobile  re¬ 
ceivers  located  at  two  different  stations  make  possible  the  determination 
of  I^  and  I-tau  values  for  the  same  photomxiltiplier- filter  combination 
at  two  different  distances  from  the  source.  Kiowing  I^j  for  a  given 
wavelength  at  distances  D^^  and  Dg  from  the  source  make  possible  the 
calculation  of  the  attenuation  coefficient 
follows : 


for  that  wavelength  as 


= 


°2- 


In 


1  1 


Where  (1^)1  direct  iriudiance  valties  (described  above 

as  I^)  at  distances  Dn  and  Dg  from  the  source;  the  and  d|  terms  are 
Introduced  to  remove  the  inverse  sq\iare  effect  of  distance  on  irradl- 
ance;  and  is  the  svim  of  the  absorption  coefficient  and  scattering 
coefficient  applicable  to  a  collimated  beam  in  which  attenuation  occurs 
as  a  resxilt  of  absorption  and  scattering  out.  This  method  of  confuting 
from  irradlance  measurements  at  only  two  stations  differs  from  that 
previously  iised.^^^  the  earlier  studies  the  quantity  In 
plotted  as  a  function  of  D  where  I^  was  the  measured  irradlance  (direct 
radiation)  at  each  of  the  observation  stations  —  as  many  as  eight  or 
nine  different  observation  stations  being  used  in  a  single  night.  The 
negative  slope  of  the  straight  line  connecting  these  plotted  points  was 
then  taken  as  for  the  atmosphere  concerned.  In  order  that  this 
slope  method  be  valid  there  shoxild  be  no  appreciable  changes  in  optical 
characteristics  of  any  part  of  the  atmosphere  being  measiured  during  the 
entire  test  period.  In  the  Los  Angeles  atmospheres  such  constant  con¬ 
ditions  did  not  often  last  for  the  required  several  hours.  Using  the 
above  described  two-station  method,  data  for  the  determination  of 
could  be  obtained  in  32  minutes  for  a  given  photomultiplier- filter 
combination.  Thus  on  each  test  night  in  Los  Angeles  the  general 
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procedure  was  to  several  determinations  for  each  of  the  wave¬ 
lengths  concerned*  Each  a.^  value  obtained  was  representative  of  the 
atmosphere  between  the  two  stations  being  used  for  the  particular  half 
hour  during  which  the  data  were  taken*  On  most  nights  all  of  the 
attenuation  measurements  were  made  at  a  single  pair  of  stations  although 
on  some  occasions  two  pairs  of  stations  were  used* 

The  procedures  described  above  have  all  referred  to  a-^  determina¬ 
tions*  The  attenuation  coefficient  O-tau  c&se  of  aureoled  trans¬ 

mission,  that  Is,  for  the  case  of  a  4jt  source  and  a  flat  receiver,  was 
calculated  in  the  same  manner  lining  the  irradlance  Instead  of  I^* 

The  measuring  data  used  to  confute  I-tau  obtainea  at  the  same  time 
as  those  used  to  confute  and  thus  each  value  has  a  companion 
value  representative  of  the  same  atmosphere*  It  should  be  pointed  out 
that  in  the  method  used  to  con^iute  it  is  assumed  that  is  in¬ 

dependent  of  distance*  From  preliminary  measurements  made  in  Los 
Angeles  at  four  distances  from  the  source  (maximum  6*77  miles)  it  was 
found  that  the  points  obtained  from  a  plot  of  In  I-tavr  'versus  D  lay  on 
a  straight  line  within  the  limits  to  be  expected  under  the  conditions 
of  atmospheric  varla^i^ty  which  prevailed  during  the  experiment.. 

Earlier  eagieriments  in  the  desert  atmosphere  indicated  the  same 
independence  of  with  respect  to  D  for  distances  up  to  approximately 
17  miles*  The  same  results  were  found  for  the  relationship  between  In 

and  D  and  thus  the  coefficient  also  been  assumed  independent 

of  distance  —  an  sissunption  which  is  generally  made  in  the  literatinre* 

Since  the  calculation  of  ^.^au  or  o.^.  required  that  conparisons  be 
made  between  irradlances  measur^  by  photomultiplier  systems  in  the 
two  different  trucks  it  was  necessary  to  have  a  calibration  factor  ex¬ 
pressing  the  ratio  between  sensitivities  of  the  two  systems *5;^  This 
factor  was  obtained  experl  inent.a.1 1  y  by  locating  the  two  trucks  side  ty 
side  and  making  simultaneous  determinations  of  I.tau  and  for  each 
photomultiplier- filter  combination  in  the  two  trucks.  The  ratios  be¬ 
tween  the  obtained  by  a  system  in  one  truck  and  the  obtained 

by  the  same  photomultiplier- filter  system  in  ti.e  other  truck  were  used 
to  normalize  the  irradiance  value  obtained  on  one  system  to  that 

of  the  other*  In  the  same  manner  a  normalizing  factor  was  found  for 
the  I^  measurements*  The  calibration  process  was  repeated  approxi¬ 
mately  once  each  week  and  average  factors  determined  at  the  end  of  the 
»  test  period*  A  discussion  of  the  de'.'iRtions  of  the  calibration  factors 
is  contained  ^n  a  later  section  of  thlo  report.  Checks  made  1 n  nn 
earlier  stvidy-^  showed  that  the  angular  response  of  the  photomult^ '1  ier- 
filter  combinations  differed  slightly  from  a  cosine  dependence  on 
Incident  angle*  Corrections  for  this  non- cosine  angui ht  response  have 
also  been  made  in  all  calculations* 
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Polar  nephelometer  data  were  tEiken  at  least  once  each  evening. 

The  data  were  usually  taken  at  one  of  the  receiving  stations,  althou^ 
on  several  nights  a  series  of  readings  were  taken  on  the  rooftop  of  the 
Air  Pollution  Control  District  Building  in  order  to  check  correlations 
between  atmospheric  contamination  Eind  atmospheric  scattering.  The 
nephelometer  data  were  iised  to  construct  angvilar  scattering  diagrams 
and  to  calculate  the  attenuation  coefficient  due  to  the  scattering 

out  of  the  li^t  in  a  collimated  beam.  Tlie  angular  scattering  diagram 
is  a  plot  of  b(j6)/b(10°)  versus  0  where  B(i^)  is  a  quantity  proportion¬ 
al  to  the  volimie  scattering  function  of  the  atmosphere  concerned.  The 
volume  scattering  function  is  in  turn  defined  as  the  amount  of  radi¬ 
ation  scattered  per  unit  solid  angle  in  the  direction  0  per  unit 
irradlance  and  per  unit  vol\mie  of  the  beam.  The  attenviation  coefficient 
due  to  scattering  was  calculated  from  an  integration  of  the  scattering 
function  over  all  angles.  A  more  detailed  description  of  the  methods 
used  in  these  two  processes  has  been  given  in  an  earlier  KKDL  report.^ 

It  shovild  be  pointed  out  that  both  the  angular  scattering  diagrams 
and  the  values  are  representative  of  the  local  atmosphere  during 
the  short  time  period  in  which  the  nephelometer  readings  were  taken  - 
whereas  the  attenuation  coefficients  obtained  from  data  with  the  flash 
lamp  and  receivers  are  representative  of  a  much  larger  atmosphere  over 
a  much  longer  time  period. 

Meteorological  data  were  furnished  to  the  project  by  U.  S.  Weather 
Bureau  personnel  and  consisted  of  teu^pe nature,  relative  humidity, 
visibility,  cloud  cover,  and  wind  data  at  the  Los  Angeles  International 
Airport  and  Burbank  Airport;  temperature  and  relative  humidity  reports 
from  the  downtown  Los  Angeles  office;  and  upper  air  data  (tenperature, 
relative  humidity,  and  inversion  hei^t)  from  the  Santa  Menlca  sound¬ 
ings.  The  locations  of  these  soiirces  are  shown  respectively  by  the 
letters  A,  B,  C,  and  D  on  the  insert  map  of  Figure  I;-.  Atmospheric 
contaminant  data  provided  by  the  Los  Angeles  Air  Pollution  Control 
District  consisted  of  the  results  of  measurements  of  the  following 
contaminants  at  the  downtown  Los  Angeles  station:  NO,  KOg,  CO,  SOg, 

Oj,  total  oxidant,  and  particulate  natter.  Standard  methods  of  chemi¬ 
cal  analysis  were  tised  for  the  contaminant  measiirements  except  for  the 
parti oilate  matter  (particles  smaller  than  l;-0  microns)  which  was  de¬ 
termined  by  an  optical  reflectance  method. 7  The  K^j  unit  in  which  the 
particulate  content  is  expressed  is  defined  as 

(r) 
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Where  R  is  the  reflectance  of  a  -white  filter  paper  of  1  cm  area  throu^ 
which  1  m-'  of  the  air  ’under  test  has  been  passed  and  Rq  is  the  reflec- 
■taiice  Oi  cne  filter  paper  before  the  air  has  passed  throTigh  it. 

TEST  RESULTS 

Wea-bher  and  Contaminant  iiata 

Table  1  shows  details  of  the  weather  and  contaminant  da-ta  re¬ 
ported  diirln^  each  nightly  test  run.  Bie  entries  are  belie-ved  self- 
eigplanatory  except  that  a  comment  should  peidiaps  be  made  on  the  column 
labeled  "Test  Range."  The  vlslblUtleB  In  this  column  are  estimates 
which  were  based  on  observations  made  by  the  operators  of  the  receiv¬ 
ing  statiouj  observations  made  from  the  ll^t  source  location  at  the 
beginning  and  end  of  the  test  period,  and  the  Meteorological  Range 
\rtilch  was  confuted  from  the  measured  Obc  ^  expression^ 

MR  ^  3-912. 

“sc 

The  reliablli-ty  of  night-time  estimates  of  vlsiblli-ty  is  always  open  to 
qiaesticn  even  when  made  by  trained  me-beorological  observers  under  the 
best  of  conditions.  The  values  shown  as  range  estimates  are  no  ex¬ 
ception  to  this  sta-tement.  It  is  believed  that  they  can  be  satisfac¬ 
torily  used  to  pro-vlde  -vlslbilily  trends  during  a  single  night  and  even 
from  one  night  to  ano-ther.  Their  absolu-te  val\«B,  however,  should  be 
considered  only  as  Indlca-tlng  a  general  range.  Tolerances  of  ±40^ 
should  probably  be  assigned  "to  these  -vlBiblllty  estimates. 

Attenuation  Coefficients 

Figures  15  through  l8  show  the  individual  values  obtained  on 
each  of  -the  test  nights — each  sheet  containing  the  data  for  a  single 
-wavelength.  Figures  19  -thro’u^  22  and  2?  through  26  show  the  same 
„Bort  of  presentation  of  ff-t^u  ®bc  respectively.  The  encircled 
points  are  -values  ob-bained  wl-th  clouds  over  -bhe  test  range.  From  -these 
data  have  been  construc-bed  -the  his-bograms  of  Figures  27  through  29 
showing  -bhe  number  of  -values  falling  wi-bhin  consecutive  a  in-tervals  of 
width  0.10  mile"^. 

At-bsnuation  coefficients  for  absoiptlon  (Oabs)  were  calcula-ted  as 
-bhe  numerical  difference  be-bween  ct  and  Results  are  shown  in 

Figure  30  for  -bhe  wavelength  0«5<^*  The  numerical  values  of  -these 
absorp-bion  coefficients  are  believed  indlc'’.-t«i  oi-der  of  imignl-bude 
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only.  There  are  two  reasons  for  this  lack  of  confidence.  First,  the 
magnitude  of  and  are  not  appreciably  different  and  thus  cr^^g,  the 
difference  between  them,  will  contain  magnified  effects  of  the  uncer¬ 
tainties  in  either  or  Og^.  Second,  the  Og^  value  for  any  given  wave¬ 
length  is  representative  of  a  given  point  in  the  atmosphere  over  a  short 
period  of  tiioe,  whereas  the  0^  value  is  determined  by  over-all  atmos¬ 
pheric  conditions  between  light  source  and  receiver  over  approximately 
one-hair  hour,  and  thus  the  difference  of  these  two  qtiantities  would  be 
representative  of  atmospheric  absorption  only  if  the  atmosphere  were 
uniform  with  respect  to  space  and  time — a  condition  which  did  not  often 
exist  during  the  study. 

It  shoiiLd  be  noted  that  the  attenuation  coefficient  values  shown 
in  these  data  (Figures  I5  through  JO)  are  representative  of  atmospheric 
conditions  ran^ng  from  very  deal'  (visibility  15+  miles)  to  heavy  haze 
and/or  light  fog  (visibility  3  miles).  Also  Included  are  several  nights 
in  which  douds  were  over  the  range.  Table  2  is  a  tabulation  of  the 
various  operating  nights  by  general  weather  dassification  types. 

From  the  data  of  Figures  I5  throu^  26  it  will  be  seen  that  there 
appears  to  be  a  somewhat  cydic  pattern  in  the  attenuation  coefficients 
consisting  of  a  gradual  Increase  in  coefficients  from  the  beginning  of 
the  test  period  to  a  maxLmum  on  I9  August,  a  rapid  decrease  to  minimum 
values  on  22  August  followed  by  two  more  cydes  of  gradual  Increases 
followed  by  sharp  decreases  to  minimum  values  on  4  September  and  again 
on  21  September.  Partial  eaplauations  of  this  cydic  behavior  can  be 
seen  from  the  data  of  Tables  1  and  2.  The  night  of  22  August,  on  which 
the  first  minimum  in  c  ’/alues  occurred,  had  low  stratus  cloud  overhead, 
but  of  greater  inportance  was  the  atmospheric  darity  below  the  douds 
(visibility  estimated  8  miles).  The  "scattering-in"  effect  of  the  low 
clouds  is  believed  of  secondary  importance  since  the  and  a  values, 
neither  of  which  should  be  affected  by  the  presence  of  a  doud  cover, 
are  also  very  low  on  this  night.  The  next  minimum  in  a  values  which 
occirrred  on  4  September  is  very  readily  ejqplained  by  a  markedly  dear 
atmosphere  with  very  good  vlBibilltles.  Actually  the  difference  be¬ 
tween  the  observed  visibilities  of  22  August  and  4  September  is  greater 
than  would  be  indicated  by  a  comparison  of  the  attenuation  coefficients 
for  those  two  nights.  A  possible  e:g)lanatlon  of  this  discrepancy  is 
that  the  downtown  atmospheres  in  which  the  attenuation  coefficients 
were  measured  may  not  iiave  dirfered  much  from  one  another  on  the  two 
nights  in  question,  but  the  over-all  atmospheric  conditions  outside 
the  rather  small  measuring  area  on  22  August  were  not  as  clear  as  those 
of  4  September,  thuis  producing  the  difference  between  observed  visi¬ 
bility  conditions.  The  relatively  low  0-tau  ‘v^ues  on  21  September  are 
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believed  to  be  at  least  partially  the  resiilt  of  a  ■scattering- in" 
effect  of  the  low  clouds  reported  on  that  ni^t,  since  the  and  Ogc 
values  did  not  show  as  marked  a  decrease  as  the  nights 

diiring  which  noticeably  high  values  of  a  ,  a+,  ana  a+  occurred 

(±0^  XO^  X^j  ttau  d.  (  wcxe  wxuu  xuw  vxdxuxxx oxco  cixiu.^ 

in  the  case  of  26  and  27  August,  low  clouds  as  well. 

The  relatively  large  nmber  of  zero  values  for  and  o-t;a,u 
\  =  0.88u  (Figures  l8  and  22)  actually  includes  a  number  of  negative 
valTies.  The  largest  negative  values  obtained  were  =  -0.20  and 

=  -0.21  mile"^,  but  most  of  them  were  in  the  range  0  to  -0.10 
mile”^.  The  -0.20  and  -0.21  mile"^  values  were  obtained  on  a  night 
when  some  difficulties  were  encountered  because  of  photomultiplier 
saturation  by  a  ve^■y  bright  moon  and  so  may  not  be  true  values.  The 
small  negative  values  are  believed  to  have  no  significant  physical 
meaning  other  than  to  Indicate  that  in  the  atmospheres  concerned  the 
attenmtion  for  the  0.88p.  wavelength  was  so  small  that  the  measuring 
method  could  not  reliably  detect  the  difference  between  the  irradiance 
level  at  the  two  different  stations.  Later  sections  will  deal  with 
this  estimated  precision  at  greater  length. 

The  tendency  of  most  of  the  histograms  to  show  a  double  peak 
frequency  distribution  is  believed  to  be  a  result  of  the  weather  pat¬ 
tern  consisting  of  periods  of  stagnation  during  which  the  attenuation 
coefficients  are  relatively  hi^  followed  by  occasional  periods  during 
which  the  clrcxilatlon  pattern  is  such  that  the  stagnant  air  is  swept 
out  and  continuously  replenished  by  clesmer,  drier  air  in  which  the 
attenuation  coefficients  are  relatively  low.  The  change  from  one  type 
of  period  to  another  takes  place  in  a  relatively  short  time  and  so  the 
bulk  of  the  attenmtion  measurements  were  made  in  one  or  the  other  type 
of  atmosphere. 

Because  of  the  natiire  of  the  frequency  distribution  patterns  of 
attenuation  coefficients  It  was  felt  that  the  calculated  average  value 
would  have  little  significance.  Central  halves  of  the  distribution 
range  were  therefore  established  for  each  of  the  o’s  as  is  shown  on 
the  histograms.  Los  Angeles  visibilities  for  which  the  upper  and 
lower  limits  of  the  central  ranges  are  typical  are  estimated  to 

be  6  and  12  miles  respectively. 

Correlations  Between  Attenmtion  and  Atanospheric  Characteristics 


In  collimated  atmospheric  transmission  measurements  the  attenm¬ 
tion  coefficients  are  mually  found  to  correlate  well  with  observed 
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viBibill-ty.  Since  is  the  moat  significant  attenuation  coefficient 

in  transmisslona  in  ’irtilch  a  hn  source  and.  flat  receivers  are  considered, 
a  plot  of  versus  estimated  visibility  has  been  prepared  in  Figure 

51.  Ihe  a.  values  at  X  =  0.50(1  have  been  selected  since  of  the  spec¬ 
tral  bands'^ed,  it  is  neeirest  the  wavelength  at  which  the  spectral 
distribution  curve  of  a  nuclear  weapon  is  a  maximum.  It  will  be  noted 
that  although  the  correlation  is  not  as  clear  cut  as  might  be  hoped, 
there  is  a  general  grot5>lng  of  the  largest  coefficients  toward  the 
smallest  visibilities  and  vice  vci'sa.  The  points  inclosed  in  circles 
are  for  data  obtained  \rtien  clouds  were  overhead.  The  arithmetic  mean 
of  values  for  ea<di  visibility  is  shown  by  an  x,  and  the  dashed 
llne^ms  been  drawn  to  fit  these  mean  values.  The  visibility  shown  as 
15+  miles  was  for  the  ni^t  of  h  September,  an  exceptionally  clear 
nl^t.  The  fact  that  three  of  the  four  "values  were  higher  on  that 
night  than  they  were  for  some  other  nights  with  poorer  visibility  has 
no  obvious  explanation.  It  is  possible  that  during  the  early  part  of 
the  ni^t  there  was  sufficient  residual  haze  in  the  downtown  area  to 
affect  the  measured  attenmtion  coefficients  but  because  of  the  rapid 
clearing  in  the  outlying  districts  the  over-all  visibility  was  better 
than  that  indicated  by  the  coefficients  themselves.  The  fact  that  the 
last  coefficient  obtained  that  night  was  appreciably  lower  than  the 
earlier  values  lends  some  credence  to  this  e35)laaatlon. 

Attempts  to  relate  Otau  "values  to  atmospheric  relative  humidity 
were  not  successful.  Figures  52  and  55  show  a.tau  versus  surface  relative 
hianidlly  (downtown  Los  Angeles)  for  two  waveleng^,  and  are  typical  of 
all  data.  Figure  5^  shows  versus  relative  humidity  aloft.  The 

hxjmldlty  aloft  values  are  averages  of  surface  humidity  and  humidity  at 
the  800- ft  level  (elevation  of  the  rvource).  The  800-ft  relative 
humidities  were  olitalned  from  the  Santa  Monica  upper  air  soundings 
taken  at  I7OO  and  O5OO  hours  POST,  linear  interpolations  "between  the 
morning  and  afternoon  soundings  being  used  to  estimate  the  relative 
humidity  values  at  the  time  of  the  attenriatlon  measxuements .  Some 
correlation  was  found  to  exist  between  and  the  Los  Angeles  surface 
relative  humidity  for  all  four  wavelengths  (Figure  55)  aiid  is  of  the 
expected  form,  that  is,  increasing  with  relative  humidity. 

Figures  56,  57/  58  and  59  are  plots  of  at  wavelength  O.5O11 
versus  various  measured  contaminants.  The  data  have  been  plotted  at 
fom:  different  ranges  of  relative  humidity  in  order  to  minimize  any 
masking  effect  that  varying  relative  huiuldlty  might  carise.  It  will 
be  seen  that  with  the  exception  of  the  high  humidity  groups  there  can 
be  found  some  slight  increase  in  with  increasing  contaminant 
content  for  the  NOg/  %/  and  CO  data,  but  no  apparent  relationship 
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with  ozone  content.  The  effect  of  the  NOg  can  prohahly  be  expected 
because  of  the  relatively  high  absorption  of  this  gas  for  visible  radi¬ 
ation. Increasing  particxalate  matter  (Kin)  should  also  be  expected 
to  increase  atmospheric  attenuation  althou^  the  absence  of  detailed 
information  concerning  the  constituents  and  size  distribution  of  the 
particles  makes  impossible  any  more  specific  comments.  CO  has  no  sig¬ 
nificant  absorption  in  the  visible  ranges  and  vould  not  be  expected  to 
attenuate  by  scattering.  Its  relation  to  is  probably  merely  an 

Indication  that  the  conditions  favorable  to  naze  formation  are  also 
favorable  to  Increasing  CO  content.  The  ozone  amounts  were  so  low  at 
night  that  they  are  probably  of  no  significance  as  indicators  of  optical 
characteristics  of  the  atmosphere. 

The  reported  contaminants  of  the  Los  Angeles  atmosphere  which  might 
contribute  to  the  absorption  coefficient  for  light  of  wavelength 
\  =  0.50p  are  ozone,  nitrogen  dioxide,  and  particulate  matter. 

Chapplus  band  absorptions  were  calculated  for  the  observed  ozone  con¬ 
centrations  using  reported  absorption  coefficients  for  ozone  at 

\  =  0.50p  but  were  found  to  be  negligible.  The  reported  nitrogen 
dioxide  contents  during  the  testing  hours  ranged  from  0  to  a  marimum 
of  0.1  ppm.  Absorption  coefficients  shown  in  the  literature^ in¬ 
dicate  that  a  nitrogen  dioxide  content  of  0.1  ppm  could  cause  an 
attenmtion  coefficient  due  to  absorption  as  great  as  O.I7  mlle"^. 

Thus  the  nitrogen  dioxide  appears  to  be  a  factor  in  atmospheric  ab¬ 
sorption,  especially  in  view  of  the  reported  Increase  of  the  oxides 
of  nitrogen  with  elevation  in  the  Los  Angeles  atmosphere .^5  gcwever, 
the  plot  of  0  at  wavelength  0.50n  versus  nitrogen  dioxide  shown 
in  Figure  kO  does  not  indicate  any  significant  correlation  between 
the  two — probably  because  of  the  previously  mentioned  difficulty  in 
obtaining  representative  values  from  the  data'  of  this  study. 

The  difference  between  'the  path  lengths  of  "the  "scattered- in"  and 
direct  radiation  also  conplica'tes  e'valuatlon  of  the  absoip'tion  process. 

Evaluating  the  optical  inportance  of  'the  parti cula'te  con'tents 
(particles  smaller  "than  4C)p)  in  the  Los  Angeles  contaminants  is  dif¬ 
ficult  because  the  -value  reported  is  not  an  absolute  content  and 
fur-theimore  is  not  broken  down  into  various  constituents.  •  Typical 
values  of  particulate  contents  in  -the  Los  Angeles  a-femosphere  shown 
in  the  literature  vary  ■vd.doly^5^1^^15  -faut  according  to  Magill^^  'the 
carbon  and  metal  particles  could  account  for  10  to  50^  of  the  observed 
■visiblli-ty  decrease.  More  precise  determinations  of  absorption  co¬ 
efficients  and  much  more  de-balled  contaminant  analyses  than  were 
oh-tained  in  this  experiment  would  be  required  for  adequate  Investi¬ 
gation  of  this  featixre  of  -the  atioospheric  con-tamlnants . 


Ratio  of  *Scattered-ln**  to  Direct  Irradlance 


Figures  4-1  through  45  show  relationships  "between  R  and  the  dis¬ 
tance  from  the  source,  where  R  is  the  ratio  between  "scattered-in" 
irradlance  and  direct  irradlance.  In  order  to  slii5)lify  the  presenta¬ 
tion,  the  data  are  shown  only  for  wavelengths  0.40  and  0.88ji.  The 
nisoerlcal  R  values  for  the  intermediate  wavelengths  In  almost  all  cases 
were  fotind  to  He  between  the  valtico  obtained  for  0.40  and  0.8%.  It 
should  be  noted  that  different  vertical  scales  have  been  used  on  the 
various  sets  of  curves. 

In  Figure  4l,  R  values  have  been  plotted  for  30  August,  a  nl^t 
with  relatively  low  visibilities  and  high  R  values.  IHie  large  in¬ 
crease  in  R  which  took  place  between  runs  1  and  3  (approximately  3  hours 
time  differential)  reflects  the  visibility  reduction  and  attenuation 
coefficient  increase  which  occiarred  during  that  time  intervEd..  Figure 
42  is  for  5  September,  a  nlg^t  with  high  visibility  and  low  attenuation 
coefficients.  Here  again  the  R  vtlues  increased  noticeably  between  the 
first  and  last  runs  of  the  test  period.  Figures  43,  44  and  45  are  for 
22  August,  27  August,  and  7  September — all  ni^ts  in  which  clouds  formed 
or  materlsilly  increased  diiring  the  test  period,  thus  providing  a  possi¬ 
bility  of  evalmting  cloud  effects.  This  evaluation  of  the  modifying 
effect  of  the  clouds  can  be  made  by  conparlng,  for  a  given  wavelength, 
the  R  curve  obtained  on  the  early  run  ("before  cloud  formation)  with  the 
R  curve  obtained  on  the  lete  run  (after  cloud  •formation).  In  making 
this  conparlson,  however,  consideration  must  be  given  to  the  changes 
which  normally  occ\irred  in  R  between  the  early  and  late  runs  when 
cloud  we 3  not  present,  Thiis  on  22  August  (Figure  43)  althou^  the 
values  of  R  at  a  given  distance  for  a  given  wavelength  are  somewhat 
higher  after  cloud  formation  than  for  an  earlier  run  without  clouds, 
the  increases  in  R  with  clouds  are  not  much  different  from  the  in¬ 
creases  which  were  usually  found  as  the  nlg^t  progressed  on  cloudless 
nights.  !I3ie  same  comments  can  be  made  for  the  effects  of  ihe  broken 
cloud  at  an  estimated  1,000  ft  on  27  AiJgust  and  the  overcast  cloud  at 
16,000  ft  on  7  September  (Figures  44  and  45,  respectively),  except 
that  on  27  August  the  R  versvus  distance  curve  for  cloudy  conditiQns 
and  wavelength  0.88^  was  found  to  have  a  maximum  at  a  distance  between 
2  and  3  mllea  from  the  source.  The  0.40ji  wavelength  curve  also  evi¬ 
dences  some  cloud  effect  on  the  same  ni^t,  in  that  it  is  straight 
instead  of  tipping  upward  like  the  curve  for  the  corresponding  wave¬ 
length  before  cloud  formation. 

Clouds  were  present  on  four  other  nights  hut  for  -the  following 
reasons  no  attengits  have  been  mode  to  Judge  the  influence  of  the  clouds. 
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On  21  August  the  clouds  were  so  variable  in  ajnount  that  no  consistent 
pattern  of  effects  could  be  expected.  On  26  August  low  broken  to  over¬ 
cast  clouds  formed  hut  transmission  characteristics  were  so  variable 
on  this  night  that  reliable  evaliiations  of  cloud  effect  were  not 
possible.  On  September  there  were  thin  high  clouds  during  one  run, 
but  the  coverage  was  too  saiall  to  be  significant.  On  21  September  low 
clouds  (broken  to  overcast)  were  present  during  the  entire  test  period. 
Thus  comparisons  between  cloudless  and  cloudy  conditions  could  not  be 
made  for  this  night.  Maxima  were  not  observed  in  any  of  the  R  versus 
distance  curves  on  this  night. 


The  absence  of  any  effect  of  high  cloud  on  P.  as  shown  in  Figiire  ky 
was  also  observed  in  the  desert  experiments.  The  variability  of  the 
low  cloud  effect  on  R  was  not  expected,  however.  A  possible  expleuiation 
of  it  may  be  found  in  the  nature  of  the  low  clouds  themselves — which 
consisted  of  patches  of  hign  bog  blown  in  from  the  ocean.  The  thick¬ 
ness  and  spacing  of  the  clouot.  wa.s  quite  variable  and  the  cloud  bottoms 
were  very  ragged.  These  are  both  cr.aracteristics  which  might  be  ex¬ 
pected  to  produce  variable  results  insofar  ti.eir  light  scattering 
effects  are  concerned. 

Atmospheric  Angular  Scattering  Diagrams 


As  indicated  in  the  description  of  test  methods,  polar  nephelometer 
runs  were  made  on  most  of  the  nights  during  the  investigation.  The  data 
thus  obtained  were  used  primarily  for  determinations  of  the  coefficients 
of  attenuation  by  scattering  (Cg^).  The  scattering  diagrams  which  were 
plotted  from  these  data  were  siiailar  in  ^hape  tp  those  found  by  other 
investigators  for  comparable  atmoscr.eres'  --  that  is,  large 

ratio  of  forward  scattering  to  back  scattering  and  a  minimum  in  the 
scattering  function  at  an  angle  of  approximately  120  degrees  (measured 
from  the  forward  direction  of  the  projected  beam).  Figures k6  and  k7 
show  angular  scattering  diagrams  for  several  different  Los  Angeles 
atmospheric  conditions.  In  Figure  hG  are  plotted  the  diagrams  for 
three  different  nights,  all  with  wavelength  C.50p.  The  atmosphere  in 
which  the  data  for  the  16  August  curve  v/ere  taken  would  probably  be 
described  as  having  light  fog.  Tne  Og^  value  at  this  time  and  location 
(Southwest  Museum)  was  computed  from  the  nephelometer  data  to  be  2.17 
mile”^.  Measurements  of  transmission  by  the  two-station  method  were 
discontinued  that  evening  at  about  the  same  time  because  of  the  rapidly 


changing  conditions. 
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V3.S  x'ound.  “to  C6 


1«10  mile”  approximately  one-half  hour  previously.  Relative  humidity 
was  unfortunately  not  measured  at  the  nephelometer  site.  The  recorded 
value  at  the  downtown  Los  Angeles  station  was  The  4  September 
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curve  was  obtained  in  a  dry,  clear  atmosphere  with  relative  humidity 
53^  and  a  measured  Ogc  value  of  0.22  nile"^  at  wavelength  0.50p..  The 
22  September  curve  is  for  a  moderately  hazy  atmosphere  with  relative 
humidity  71^  and  a  03^  value  of  O.5O  mile"^  at  wavelength  O.pOp.  The 
three  curves  clearly  show  the  effect  of  increasing  humidity  in  increas¬ 
ing  the  ratios  of  forward  scattering  to  back  scattering.  In  Figure  U7 
have  been  plotted  three  angutar  scattering  diagrams  obtained  at  approxi¬ 
mately  one-half  hour  intervals  on  22  September  on  the  rooftop  of  the 
Air  Pollution  Control  District  building  in  downtown  Los  Angeles.  This 
series  of  nephelometer  data  was  talcen  to  facilitate  correlation  be¬ 
tween  scattering  coefficient  and  the  conterainant  measurements  which 
were  being  made  at  uhe  same  building.  However,  since  there  was  no  very 
significant  change  in  contaminants  during  the  test  period,  no  attempt 
has  been  made  to  relate  the  curve  shapes  to  contaminant  counts.  Re¬ 
lative  himiidity  values  showed  an  increase  during  the  night  which  is 
reflected  by  Increasing  ratios  of  forward  scattering  to  side  scattering 
and  back  scattering,  as  well  as  increasing  values  of 


As  was  mentioned  earlier,  nephelometer  measurements  were  made  at 
four  different  wavelengths  —  0.40,  0.4;5,  O.5O  and  0.55p»  The  ratios 
of  forward- to-baclcward  scattering  were  generally  fo'und  to  increase  with 
wavelength  in  agreement  with  the  findings  of  other As  was 
suggested  by  Gibbons ,5  a  possible  expJanation  of  the  nature  of  this 
wavelength  dependency  is  that  with  increasing  wavelength  the  relative 
contribution  of  molecular  and  small  particle  scattering  to  total  atmos¬ 
pheric  scattering  decreases  rapidly.  Thus  with  increasing  w’avclength 
the  increase  in  relative  impoi'tance  of  large  particle  scattering  (which 
is  characterized  by  large  ratios  of  forward  to  back  scattering)  has  a 
greater  effect  than  tne  reauction  in  the  raiiu  of  forward  to  back 
scattering  which  occurs  for  any  given  particle  size. 


Variability  of  Tronsmlssion 

A  v/ell  known  opticail  characteristic  of  the  earth’s  atmosphere  is 
its  variability — with  respect  to  both  time  ana  space.  This  variability 
takes  two  general  forms — variations  in  refractive  index  and  variations 
in  aerosol.  Shimmer,  twinkle,  and  scinLi''.latio.’  which  plague  the 
astronomical  observer  as  well  as  the  surveyor  are  the  result  of  rapid 
sma] 1- scale  variations  of  the  air’s  index  of  refraction  along  the  ob¬ 
server’s  line  of  Gight“-thc  variations  in  refractive  index  occurring^  ^ 
because  of  atmospheric  turbulence  primarily  of  a  thermal  nature 
The  so-called  heat  waves  seen  above  heated  surfaces  are  a  familiar  ex¬ 
ample  of  refractive  index  fluctuations.  Figure  48  gives  an  example  of 
these  effects.  This  photograph  shows  the  collecting  mirror  of  an 
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astronomical  telescope  as  it  was  illuminated  by  a  star  with  exposure 
time  approximately  I/25  second.  If  the  atmosphere  were  homogeneous  the 
mirror  would  be  uniformly  illuminated  instead  of  displaying  the  stri- 
ations  which  result  from  refractive  index  variations.  Variations  in 
the  type,  size,  and  number  of  light- scattering  and  light-absorbing 
particles  of  the  aerosol  lead  to  another  type  of  fluctuation  in  atmos¬ 
pheric  transmission  both  with  respect  to  time  and  space.  These  vari¬ 
ations  of  the  aerosol  would  appear  to  result  from  local  topographical 
features  and  small  scale  meteorological  phenomena. 

The  optical  characteristics  of  the  Los  Angeles  atmosphere  were 
fomd  to  vary  widely  with  respect  to  both  time  and  space- -the  time 
variations  occurring  in  the  form  of  rapid  unpredictable  variations  as 
well  as  in  the  foru.  of  gradtial  trends  extending  over  several  hours. 
Examples  of  the  relatively  slow  moving  changes  can  be  seen  in  the  plots 
of  individual  values  of  attenmtion  coefficients  obtained  during  one 
night  (Figures  I5  through  26).  Manifestations  of  the  more  rapid  changes 
and  the  spatial  fluctmtlons  are  found  in  the  consecutive  irradiance 
measurements  of  the  unprocessed  data.  In  order  to  obtain  specific  ex¬ 
amples  of  these,  several  nights  were  devoted  to  measvu’ements  designed 
to  show  the  variations  in  the  optical  characteristics  of  the  Los  Angeles 
atmosphere.  The  measiurements  were  of  two  general  types;  namely,  those 
made  at  a  single  observation  station  and  those  made  simultaneously  at 
two  different  stations. 

Fluctuations  in  irradiance  levels  at  foixr  different  points  at  a 
single  observation  station  were  observed  by  mouuLing  fuux’  phoLomulti- 
plier  tubes  in  an  arrangement  so  that  they  could  be  spaced  at  distances 
from  each  other  varj'-ing  from  H  Inches  to  11  feet.  The  photomultiplier 
tubes  used  were  the  same  types  as  those  used  in  the  truck-moxmted 
field-of-vlew  devices,  but  for  this  experiment  the  tubes  were  removed 
from  the  trucks  and  mounted  in  small  boxes  with  circiilar  apertures 
providing  fields  of  view  of  approximately  !■+  degrees  half-angle.  Two 
different  combinations  of  filter  and  photomultiplier  were  used — one 
giving  a  peak  response  to  the  lamp  output  at  0.40p,  the  other  at  0.77ji. 
Voltage  supplies  and  detection  systems  used  were  those  of  the  obser¬ 
vation  trucks,  'i'ne  general  procedure  was  to  set  the  photomultiplier 
tubes  and  filters  in  the  desired  array,  all  four  facing  the  light 
source,  and  then  record  the  observed  signals  of  each  tube  for  at  least 
fifteen  consecutive  lamp  flashes.  This  process  was  then  repeated  with 
other  desired  array  systems.  The  average  of  the  responses  was  taken 
for  each  of  the  four  filter-photomultiplier  combinations  in  the  array 
and  a  normalizing  factor  determined  and  applied  to  the  individual  re¬ 
sponses  so  that  the  four  averages  would  be  identical,  thus  eliminating 
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the  effects  of  tube  sensitivity.  Cross  comparisons  were  then  made  be¬ 
tween  tlie  normalized  responses  of  the  four  combinations  for  each  lamp 
flash.  Ficure  k'J  shows  the  four  different  arrays  used  at  a  single 
sLaeiun.  Table  p  shows  I'ajidoia  fluctuatioiis  of  the  normalizeci  responses 
for  one  of  the  four  different  arrays  as  observed  at  the  Griffith  Park, 
station  on  20  September.  In  Figure  50  the  average  differences  between 
the  individual  normalized  responses  are  shown  for  all  four  arrays  used 
on  20  September.  The  Griffith  Park  station  was  the  most  distant  used 
in  the  study.  Similar  data  obtained  at  shorter  distances  from  the 
source  displayed  the  same  types  of  variations,  but  on  a  smaJ-ler  scale. 


Several  conclusions  can  be  drawn  from  Table  3  Figure  50. 


a.  At  a  distance  of  6.8  miles  from  the  source  the  output  from  a 
single  flash  produces  widely  varying  irradiance  values  at  slightly 
separated  points . 

b.  Over  the  range  of  separations  tested  (k  inches  to  11  feet) 
the  average  variations  between  responses  at  different  points  do  not 
change  with  amount  of  separation. 

c.  For  If-lnch  separations  between  detectors  the  variations  along 
a  horizontal  plane  are  not  significantly  different  from  those  along  a 
vertical  plane. 


d.  Average  variations  in  irradiance  at  two  separated  points  are 
much  greater  at  wavelength  0.77m-  than  for  wavelength  0.40p. 


The  observed  point-to-point  fluctuations  are  more  reasonably  ex¬ 
plained  by  refractive  index  fluctmtions  due  to  turbulence  than  by 

the  latter  would  rei’airs  the  existence  of  atmospheric  cells  of  well 
defined  boundaries  having  small  areas  normal  to  the  line  of  sight  and 
long  dimensions  parallel  to  it. 


The  apparent  wavelength  dependency  of  the  variations  is  probably 
due  to  the  fact  that  a  larger  fraction  of  "scattered- in"  radiation  in 
the  l4-degree  half-angle  field  of  view  is  contained  in  shorter  wave¬ 
lengths.  Since  the  effects  of  refractive  index  fluctuations  (or  atmos¬ 
pheric  inhomogeneities)  are  averaged  out  in  the  "scattered-ln"  radiation, 
the  shorter  wavelengths  should  experience  smaller  magnitude  fluctmtlons. 


A  second  type  of  variability  study  was  made  by  comparing  irradiance 
values  obtained  from  two  different  observation  stations — the  two  stations 
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being  located  at  approximately  the  same  distance  from  the  source  but  in 
different  directions  fix)m  the  source.  For  these  coii5)arlsons  one  ob¬ 
serving  truck  was  set  at  each  station  and  irradiance  readings  taken 
for  a  series  of  flashes.  The  photomultiplier- filter  combinations  and 
fields  of  view  were  the  same  as  those  used  in  the  normal  attenuation 
runs  and  the  same  calibration  constants  previously  described  were  used 
to  remove  the  effect  of  different  sensitivities  In  the  two  truck 
systems.  Since  the  two  stations  were  not  at  exactly  the  same  distance 
from  the  liglit  source j  additional  corrections  for  inverse  square  attenu¬ 
ation  and  atmospheric  attenuation  were  applied  to  the  response  at  one 
of  the  two  stations  before  direct  comparisons  were  made  between  the 
responses  at  the  two  station j.  The  inverse  square  correction  factor 
was  simply  the  quotient  of  the  squares  of  the  two  distances.  The 
atmospheric  attenr-tion  correction  was  made  by  using  an  assumed  attenu¬ 
ation  coefficient  oased  on  measured  values  from  comparable  nights. 
Figtires  5I  through  62  show  results  of  these  comparisons.  Figtire 
for  example,  shows  relative  irradiance  values  for  wavelength  O.^Op  at 
the  Springvale  and  Ft.  Moore  stations  for  the  night  of  I5  September. 
These  data,  and  all  other  data  in  these  comparisons,  are  for  a  field 
of  view  of  6k-  degrees  half-angle,  without  occ\ilter.  Thus  the  irradi¬ 
ance  values  being  compared  represent  both  direct  and  "scattered- in” 
irradiance.  The  time  interval  between  consecutive  flashes  vras  2 
minutes.  However,  between  flashes  4  and  IJ  a  time  interval  of  I8 
minutes  elapsed  (other  readings  were  being  taken  during  this  period). 

The  time  interval  betvreen  runs  was  only  a  few  minutes.  It  will  be 
noted  that  dixring  the  first  two  runs  shown  in  Figure  5I  the  Ft.  Moore 
irradiance  values  are  signi'fi  cantly  hi  rher  than  those  at  Snringvale 
but  the  difference  between  the  two  is  far  from  uniform.  Diiring  the 
first  part  of  run  4  the  differences  between  the  two  stations  were 
negligible  but  I8  minutes  later  the  irradiance  levels  at  both  stations 
were  much  lower  and  continued  to  decrease  at  Springvale  while  starting 
to  increase  again  at  FI.  Moore.  Conparisons  between  the  same  stations 
for  Uie  O.^Cji  jiid  0.77^  wavelengths  (Figirres  52  and  55)  show  similar 
fluctuations.  In  Figure  54,  which  shows  the  comparison  for  the  longest 
wavelengths  (0.88p),  the  previously  established  relations  are  reversed, 
the  atmosphere  between  source  and  Ft.  ftoore  showing  greater  attenuation 
than  that  between  source  and  Springvale.  Figures  55  through  62  are 
comparisons  between  irradiance  levels  at  the  Allesandro  and  Ft.  Moore 
stations  for  two  consecutive  nights.  In  these  cases  the  shorter  wave¬ 
length  radiations  again  eiperienced  significantly  smaller  attenuations 
in  the  atmosphere  between  the  source  and  the  Ft.  lioore  station  than  in 
the  comparison  atmosphere  between  source  and  the  Allesandro  station. 

For  the  longer  wavelengths  there  is  no  consistent  pattern  of  difference 
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except  for  the  0.88p  radiation  on  I7  Septemher  (Figtire  58)  in  which 
case  the  Ft.  Moore  atmosphere  displayed,  greater  attenuation  than  the 
Allesandro  atmosphere. 

In  describing  the  comparisons  it  was  mentioned  that  an  attenuation 
correction  was  made  by  use  of  an  assumed  attenuation  coefficient.  To 
insure  that  the  comparisons  were  not  being  distorted  by  improper  values 
of  tills  correction,  several  calculations  were  made  with  various  assumed 
values  of  coefficient.  The  results  showed  that  the  differences  between 
the  irradlances  at  the  two  stations  could  not  be  explained  by  any 
reasonable  change  in  this  coefficient.  The  effect  of  errors  in  the 
calibration  factor  used  to  correct  for  differences  between  Instrument 
sensitivity  in  the  two  trucks  was  also  examined.  The  average  deviation 
from  the  mean  in  the  series cf  weekly  calibrations  ranged  from  5  to  9 
percent  for  the  four  filter-photomultiplier  combinations.  The  differ¬ 
ences  between  irradlance  levels  at  the  two  stations  are  for  the  most 
part  larger  than  could  be  explained  by  calibration  factor  errors  of 
this  order  of  magnitude. 


It  thus  appears  that  the  differences  between  relative  irradlance 
levels  at  the  two  stations  are  the  result  of  real  differences  in  the 
atmospheres  intervening  between  the  light  source  and  the  stations.  To 
gain  some  idea  of  the  magnitude  of  these  differences  in  terms  of  attenu¬ 
ation  coefficients,  reference  is  made  to  the  Ft.  Moore-Allesandro 
comparison  used  in  the  above  example  of  I7  September,  wavelength  0.40p., 
run  1,  flash  I5  (Figi-ire  55  )♦  Assuming  that  the  atmosphere 

between  source  and  Ft.  Moore  had  the  value  0.55  mile"^,  the  value 
for  the  atmosphere  between  source  and  Allesandro  would  have  to  0.1^5 
mlle“^  in  order  to  produce  the  observed  difference  in  relative  irradl¬ 
ance  level.  This  magnitude  difference  in  for  the  two  areas  is  not 

at  all  unreasonable. 


The  wavelength  dependency  of  these  comparisons  indicates  that  on 
the  nights  concerned  the  atmosphere  between  source  and  Ft.  Moore  in 
downtown  Los  Angeles  apparently  contained  particles  whose  attenuating 
effects  on  the  near  Infrared  were  noticeably  greater  than  those  of  the 
particles  in  the  other  two  atmospheres.  The  possibility  of  water  vapor 
effects  on  these  comparisons  was  considered  by  assuming  relative  humid¬ 
ity  and  temperatures  of  the  Ft.  Mooire  and  Allesandro  atmospheres  to 
correspond  to  those  recorded  on  I8  September  for  downtown  Los  Angeles 
and  Burbank,  respectively.  The  precipitable  water  contents  in  the  two 
paths  were  calculated  from  these  data  to  be  19.2  and  I6  ^m,  respectively. 
The  selective  water  vapor  absorptions  for  these  two  water  contents  for 
the  infrared  window  II  (O.94  to  1.15p)  differ  by  only  a  few  percent'^ 
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and  thus  there  appears  to  be  no  possibility  of  differential  water  vapor 
absorption  causing  the  observed  irradiance  differences.  Aerosol  par¬ 
ticle  distribution  offers  a  much  more  plausible  explanation  since  the 
relation  between  the  extinction  cross-section  of  a  water  droplet  and 
the  wavelength  varies  greatly  with  the  droplet  size-- the  uenu  "ex¬ 
tinction  cross-section"  being  defined  as  the  ratio  between  the  Iv^nous 
flux  scattered  by  the  droplet  and  the  illuminance  on  the  droplet.  ^  For 
example,  droplets  of  radius  0.8^  have  an  extinction  cross-section  for 
radiation  of  wavelength  0.88pi  which  is  approximately  1.5  times  as  large 
as  for  radiation  of  wavelength  0.50p  but  droplets  of  radius  0.5M-  have 
an  extinction  cross-section  for  0.88^  radiation  which  is  only  0.7  times 
that  for  0.50p  radlation.^5  Persistent  differences  between  the  aerosol 
spectrum  of  the  Ft.  Moore  area  and  that  of  the  Springvale-Allesandro 
area  could  undoubtedly  account  for  the  greater  near  infrared  attenua¬ 
tions  of  the  Ft.  Moore  atmosphere. 

Reliability 

Precise  evaluations  of  the  reliability  of  the  data  presented  in 
this  report  are  not  easily  made.  The  usual  precautions  were  taken 
to  minimize  instrumental  error.  All  electronic  components  were  ser¬ 
viced  and  checked  before,  diiring  and  after  the  project.  Oscilloscope 
calibrations  were  checked  periodically  during  the  experiment.  The 
alignment  between  each  fieid-of-view  device  and  its  sighting  telescope 
was  checked  at  the  end  of  the  first  month  of  testing  and  was  found 
satisfactory.  Steady  state  photomioltiplier  current  outputs  were 
measured  during  periods  of  unusxxally  large  background  lighting  or  if 
the  data  gave  indication  of  saturation  effects.  At  one  station 
(Ceidman  Street)  it  was  fomd  necessary  to  mask  a  streetlight  which 
caused  satiiratlon  of  one  of  the  photomijltipliers .  To  the  greatest 
extent  possible,  preliminary  processing  of  data  was  accomplished  as 
taken  in  the  trucks  so  that  such  sources  of  error  as  incorrect  filter 
settings,  field-of-view  adjustments,  and  gain  controls  could  be  immedi¬ 
ately  detected  and  rectified.  The  best  indication  of  instrumentation 
reliability  is  probably  the  series  of  calibration  constants  which  re¬ 
present  the  ratio  of  responses  of  companion  eq\rLpment  in  the  trucks  as 
obtained  by  parking  the  two  trucks  side  by  side  and  observing  the  same 
light  flashes.  These  calibrations  were  obtained  weekly  for  each  photo¬ 
multiplier  filter  combination  and  for  both  aureoled  and  direct  trans¬ 
missions.  Over  the  entire  test  period  the  average  deviation  from  the 
mean  for  any  given  filter-photomultiplier  combination  ranged  from  6 
to  9  percent  for  direct  transmission  and  from  5  to  9  percent  for 
aureoled  transmission.  The  effect  which  a  7  percent  error  in  cali- 
oration  factor  would  have  on  the  calculated  attenuation  coefficient 
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varies  with  the  magnitude  of  the  attenuation  coefficient  eind  with  the 
distance  between  test  stations.  Taking  two  act\ieil  nans  as  eacaniples 
with  values  of  0.20  and  0.8l  mile"^  it  was  found  that  a  7  percent 

change  in  calibration  factor  would  ctiube  changes  of  IJ  percent  and  8 
percent,  respectively,  in  the  calculated  values. 

A  second  source  of  unreliability  Is  the  change  in  atmospheric 
transmission  that  occurs  during  the  approximately  half  hour  reqaaiaed 
for  the  accumaalation  of  data  for  a  given  filter-photomultiplier  com¬ 
bination.  The  data  taken  during  this  period  establish  the  shape  of 
the  curve  showing  response  versus  field  of  view.  Any  atmospheric 
changes  that  occur  during  the  time  that  the  shape  of  the  ciaarve  is  being 
determined  will  affect  the  total  aaareoled  transmission  when  the  caaarve 
is  extrapolated  to  the  full  2x  field  of  view  and  will  affect  the  colli¬ 
mated  transmission  adaen  the  cuarve  is  extrapolated  to  the  zero  field  of 
view.  Persistent  changes  during  a  given  anan  coiald  be  detected  by  com¬ 
paring  measurements  taken  at  the  beginning  and  end  of  the  anan  with  the 
same  field  of  view,  and  if  the  changes  were  sigulficantly  large  the 
data  concerned  wer^  discarded.  Short-lived  atmospheric  changes  which 
did  not  last  through  the  length  of  a  anan  woaald  not,  however,  be  de¬ 
tected  by  this  method  but  coiald  still  have  an  effect,  especially  since 
both  obseanration  stations  woaald  probably  not  experience  the  same  changes. 
As  was  mentioned  earlier,  a  series  of  eight  readings  without  occulter 
and  with  field  of  view  64  degarees  half-angle  were  taken  with  each 
filter— four  at  the  begiaaning  of  the  anan  and  foaar  at  the  end.  To  ob¬ 
tain  some  concept  of  the  magarltaade  of  the  short- tiaaae  changes,  the 
average  percent  deviations  from  the  arithmetic  mean  were  calculated 
for  these  values  for  each  anan  on  eight  typical  nights — fotir  nights  with 
high  attenuation  coefficients  and  four  with  low  coefficients.  The 
overall  averages  of  these  deviations  (expressed  as  percent  of  the 
ailthanetic  mean)  for  the  eight  nights  vere  6^  for  wavelengths  0.4  and 
0.5^,  8^  for  wavelength  0.77p.,  eind  J'jt  for  wavelength  0.88p.  The  effects 
which  errors  of  these  magnitudes  would  have  on  calcaalated  values  of 
and  were  also  exaanined  for  several  typical  runs  and  were  found 
to  vary  ^dely — the  smallest  being  a  change  in  a  value  of  1.52 

mile"^,  the  largest  being  an  80^  change  in  a  value  of  0.05  mile"^. 

Considering  the  above  factors  it  is  estimated  that  the  individual 
attenuation  coefficients  determined  in  this  erqjeriment  have  precisions 
ranging  from  ±0.15  mile”-  for  the  large  coefficients  to  ±0.05  mlle"^ 
for  the  small  coefficient  values. 

These  estimates  describe  the  reliability  of  a  given  coefficient 
wJ.th  respect  to  that  particular  segment  of  the  nighttime  Los  Angeles 
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atmosphere  being  measured.  The  degree  to  whicdi  the  given  values  re¬ 
present  the  entire  area  is  much  more  difficult  to  evaluate.  Values  of 
attenuation  coefficients  for  collimated  transmission  between  0.23  and 
0.55  microns  have  been  measured  for  the  Pasadena  area  by  Dunkelman.^^ 
Values  shown  in  his  report  for  X  =  O.^Op,  in  the  month  of  September  19^9 
range  from  0.64  to  1.77  mile“^.  Corresponding  visual  ranges  calciolated 
from  the  attenuation  coefficients  at  X  =  0.55p  were  12  and  3*5  miles 
respectively.  Figure  27  of  this  report  shows  the  frequency  distribution 
of  which  is  the  coefficient  corresponding  to  Dunkelman’s  collimated 
measiirements.  It  will  be  noted  that  the  central  half  range  of  the  fre¬ 
quency  distribution  for  at  wavelength  0.40  p  lies  within  the  range 
of  Dunkelman* s  values.  However  differences  were  often  observed  between 
visibilities  in  the  test  area  and  those  reported  at  nearby  Burbank,  and 
obAfious  differences  in  haze  conditions  in  various  parts  of  the  area  are 
often  apparent.  The  general  impression  that  was  obtained  during  the 
experiment  was  that  nighttime  haze  was  less  pronounced  in  the  outermost 
regions  of  the  test  area  except  perhaps  in  the  direction  towards  the 
ocean.  Thus  it  is  believed  that  the  attenviation  coefficients  measAored 
in  this  study  represent  the  maximum  nighttime  values  for  the  entire  area 
for  the  time  period  concerned  with  the  possible  exception  of  the  areas 
subject  to  frequent  coastal  fog. 


Atmospheric  Transmittance  Curves 


The  four  solid  curves  of  Figure  63  have  been  prepared  uo  show 
calculated  transmittances  of  four  typical  atmospheres  for  the  case  of 
flat  receivers  and  radiation  from  a  4jt  radiating  black  body  source  at 
6000°K.  The  atmospheres  are  typical  of  those  in  which  this  study  was 
performed  and  those  at  the  Nevada  Test  Site  where  two  earlier  investi¬ 
gations  were  made  by  a  group  from  this  Laboratory. Also  shown  in 
Figure  63  for  coaparison  purposes  are  the  four  dashed  curves  from 
Figures  3-5A  and  3~5B  of  TM  23-200.^5 

The  characteristics  of  the  atmospheres  concerned  were  as  follows: 

a.  Curve  1,  Nevada  deserrt  atmosphere  in  February,  clear  skies, 
estimated  visibility  65  miles,  and  water  vapor  content  3.5  s/tt? 
(corresponds  to  O.32  cm  of  precipitable  water  in  a  1000-yard  path 
length ) . 

b.  Curve  2,  Nevada  desert  atmosphere  in  May,  clear  s^es,  esti¬ 
mated  visibility  35  miles,  and  water  vapor  content  2.8  g/m^  (corres¬ 
ponds  to  0.25  cm  of  precipitable  water  in  a  1000- yard  path  length). 
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c.  Curve  3,  Los  Angeles,  California,  atmosphere  in  August  and 
September,  clear  skies  with  li^t  haze,  estimated  visibility  12  miles 
and  water  vapor  content  11.8  g/m^  (corresponds  to  1.08  cm  of  precipi- 
table  water  in  a  1000-yard  path  length). 

d.  Curve  k,  Los  Angeles,  California,  atmosphere  in  August  and 
September,  clear  skies  iri.th  moderate  haze,  estimated  visibility  6  miles 
Euid  water  vapor  content  I3.0  g/m?  (corresponds  to  I.19  cm  of  precipi- 
table  water  in  a  1000-yard  path  length). 


In  order  to  calculate  the  transmittance  values  the  radiation 
spectrum  of  the  black  body  was  divided  into  I3  bands  as  follows :  five 
bands  corresponding  to  infrared  windows  II  through  VI, four  bands 
in  the  ArLsible  and  near  infrared  representing  the  four  photomultiplier- 
filter  combinations  used  in  this  study,  and  four  ultraviolet  bands  from 
0.22  to  0.36p.  At  any  given  range  in  a  given  atmosphere  the  tranS" 
raittance  value  1'  was  calculated  as  the  sum 
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where  T.  represents  the  atmospheric  transmittance  value  in  the  i 
spectral  band  and  R^  represents  the  fraction  of  the  6000°K  black  body 
radiation  contained  in  the  same  band.  The  individual  values  of 
used  in  the  visible  and  near  infrared  bands  were  calcilated  from  the 
experimental  attenuation  coefficients  (o-tau^  obtained  in  these  studies. 
In  the  Infrared  windows  beyond  Ip  Tj^  was  calculated  from  water  vapor 
absorption  and  extrapolated  values  of  Otaul  water  vapor  absorp¬ 

tions  were  calculated  from  published  data^  relating  infrared  absorp¬ 
tion  and  precipi table  water — the  latter  being  obtained  from  relative 
humidity  and  temperature  records  compiled  during  the  project.  The 
extrapolation  of  from  experimental  data  was  made  by  the  ex¬ 

pression 


a.  =  C\ 
tau 


-0.7 
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The  exponent  -O.7  is  that  which  was  previously  suggested  for  the 
wavelength  dependency  of  in  the  infrared  region.  The  justification 
for  the  use  of  this  value  in  extrapolating  into  the  infrared  is 

that  C-tau  essentially  the  difference  between  a  "scattering-out" 
and  a  "scattering-in"  process  and  may  therefore  be  expected  to  have  a 
wavelength  dependency  similar  to  that  of  Og^,.  In  the  ultraviolet 
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bands  j  'J^  for  the  desert  atmosphere  was  calculated  from  collimated 
attenuation  coefficients  shown  In  the  literature^*'-  for  the  same  desert 
area.  A  "scattered-ln"  correction  was  applied  to  the  collimated  co¬ 
efficients  by  subtracting  from  them  a  value  numerically  equal  to  one- 
half  the  Rayleigh  scattering  coefficient.  The  numerical  values 
subtracted  ranged  from  a  minimum  of  0.06  mile"^  for  the  ultra-violet 
band  centered  at  0.34p  to  a  maximum  of  O.U5  mile"^  for  the  ultraviolet 
band  centered  at  0.23m..  In  the  Los  Angeles  a-tmospheres  the  attenuation 
coefficient  for  each  ultraviolet  band  was  the  sum  of  an  extrapolated 
°tau  ^  calculated  absorption  by  oxygen  and  ozone.  The  extra¬ 

polation  used  was  a  straight  line  extrapolation  of  a  plot  of  In  tJ.t;au 
versus  wavelength,  where  the  d^au  were  the  Los  Angeles  experl- 

nKntal  results  obtained  on  those  days  selected  as  typical  for  the 
visibility  and  moistirre  conditions  for  which  the  curves  were  drawn. 

The  difference  between  the  TM  23-200  curves  and  those  based  on  the 
experimental  attenuation  data  Is  believed  to  be  caused  by  the  rela¬ 
tively  low  height  of  the  source  In  the  NRDL  experiments  which,  as 
was  explained  by  Gibbons, 5  results  in  an  atmospheric  attenuation  some¬ 
what  be-tween  that  of  the  air  burst  and  surface  burst  cinves  of  TM  23- 
200. 

SUMI-IARY  AND  DISCUSSION  OF  NRDL  ATMOSPHERIC  ATTENUATION  EXPERE-ENTS 

This  report  covers  the  last  of  five  NRDL  experimental  investi- 
gatious  of  atteu'uatlou  properties  of  several  different  atmospheres. 

The  pre-vious  investigations  were  in  the  San  fran cisco  Bay  Area,  San 
Joaquin  Vetlley  (ground  to  air  measurements),*^  and  at  the  Nevada  Test 
Slte.5^^  In  the  first  study^  -the  emphasis  was  on  the  ratio  between 
irradlance  received  from  a  source  by  a  flat  receiver  and  that  re¬ 
ceived  by  a  collimated  receiver.  Using  data  ob-tained  for  waveleng-ths 
ranging  from  O.kO  to  0.9m  fhe  above  defined  ratio  for  wavelength  0.55m 
was  estimated  to  have  a  maxim-um  of  I.9  at  a  distance  of  7  miles  for 
an  a-tmosphere  with  a  12-mile  -visibility.  The  presence  of  broken  to 
overcast  clouds  was  found  to  approximately  double  this  figure.  In  the 
second  study^  -the  ground-to-air  measurements  were  made  in  hazy  a-tmos¬ 
pheres  wi-th  approximately  10  miles  visibility.  From  these  measurements 
the  ratio  of  "scattered-ln"  radiation  to  to-tal  radiation  (wavelength 
0.5m  a-nd  *+5  degree  half-angle  field  of  -view)  was  found  to  vary  from 
0.06  at  4000- ft  range  to  a  maximum  of  O.I65  at  12, 000- ft  range,  then 
decreasing  to  0.133  at  l6,000-ft  range.  Longer  wavelengths  gave 
smaller  ratios.  For  exanipie,  with  \  =  0.90m  the  ratios  ranged  from 
0.038  at  4000  ft  to  0.046  at  16,000  ft.  The  next  two  experiments 
were  made  at  the  Nevada  Test  Site  -  one  in  clear  skies  in  May  1959^ 
and  the  second  in  both  clear  and  cloudy  conditions  in  Febmary  1960.*'’ 
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In  these  two  experiments  a  polar  nephelometer  was  used  to  determine 
a  ,  the  coefficient  for  attenuation  by  scattering  only.  Measurements 
the  total  attenviation  coefficient  for  collimated  transmission, 

Otauj  'the  total  attenuation  coefficient  for  aureoled  transmission,  and 
R,  the  ratio  of  "scattered- in"  to  collimated  irradiance  were  also  made. 
Table  4  has  been  prepared  to  provide  a  very  brief  comparison  of  the 
data  obtained  in  the  various  experiments.  For  applications  involving 
thermal  radiation  from  a  nuclear  weapon  the  attenuation  experienced  by 
aureoled  transmission  (4jt  source  and  flat  receiver)  is  of  greatest 
interest.  Thus  the  attenuation  coefficient  Otau  also  of  special- 

interest.  In  the  case  of  the  San  Francisco  and  San  Joaquin  Valley 
data,  calculations  of  a-^  and  o-^au  were  not  included  in  the  reports  but 
the  difference  (bt  -  b-^au)  could  be  calcxalated  from  the  reported  re¬ 
lationships  between  "scattered- in"  and  total  radiation  at  specified 
distances.  The  significance  of  the  term  (b.(;  -  has  been  discussed 

at  some  length  previously. 5  jt  may  be  thought  of  as  representing  a 
build-up  coefficient  resulting  from  the  "scattering-in"  process.  Since 
°tau  available  from  part  of  the  NRDL  data,  the  quantity  (b-t  -  b-^au) 

has  been  used  i...  '' the  various  NRDL  experiments.  Typical  values 

of  (b-j;  -  b-j-au)  are  therefor  ;  in  Table  4. 

For  wavelength  0.50p  (or  in  some  cases  O.p^'p  ).  Vi;..,.  "pproximates 
the  effective  peak  wavelen^h  of  the  spectral  distribution  oJ 
of  radiation  from  a  nuclear  weapon,  typical  values  of  (b.^.  -  b-j-a^) 
be  established  for  three  general  types  of  atmospheres,  namely;  very 
clear  (visibility  20  miles  or  more),  light  haze  (visibility  about  12 
miles),  and  moderate  haze  (visibility  about  9  miles).  Thus  the  desert 
data  would  indica,te  a  (b-t  -  b^^^)  value  of  0.04  mile"^  for  the  very 
clear  atmosphere.  The  San  Francisco  and  San  Joaqiiin  Valley  data  lead 
to  a  (b-t  -  b.(.^^j)  value  of  0.1  mlle”^  for  the  light  haze  condition. 

The  Los  Angeles  resiilts  give  (b-j;  -  b-j.^^)  as  0.25  mile"^  for  the  moder¬ 
ate  haze  conditions.  The  effect  of  high  thin  clouds  seems  negligible. 

The  effect  of  lower  clouds  is  to  somewhat  increase  the  value  (b-j;  - 
The  Nevoida  Test  Site  data  which  indicate  an  increase  of  about  25^ 

(for  0.50p  wavelength)  is  believed  most  reliable  in  this  respect  since 
the  Los  Angeles  data  gave  very  inconclusive  restilts  with  respect  to 
cloud  effects,  while  the  San  Francisco  Bay  comparisons  which  show  an 
approximate  doubling  of  (b.^  -  b^^^  )  by  cloud  coverage  may  have  been 
distorted  by  other  variables  such  as  fog,  smoke,  and  scattered  clouds. 

If  a  single  value  is  to  be  chosen  for  the  cloud  factor,  a  compromise 
at  1.40  seems  reasonable  for  the  case  of  low  clouds. 

It  was  hoped  that  the  Los  Angeles  tests  woiild  provide  opportunities 
for  extensive  measurements  in  smog  atmospheres  with  visibilities  as 
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low  as  1  mile.  This  did  not  prove  to  be  the  case,  however,  because 
the  intense  smog  of  the  daytime  hours  no  longer  existed  by  the  time  it 
was  dark  enough  to  begin  the  measurements.  Estimated  visibilities  as 
low  as  5  miles  in  haze  and/or  light  fog  were  experienced  during  the 
nighttime  tests  and  the  dashed  line  of  Figure  51  showing  the  approxi¬ 
mate  relation  between  a^^u  estimated  visibility  for  wavelength 
O.5O1J.  has  been  extended  to  a  2-mile  visibility  value.  Assuming  that 
the  typical  smog  particles  have  the  same  size  range  as  those  of  haze'll 
the  dashed  line  of  Figure  Jl  can  be  used  to  estimate  values  for 

visibilities  in  smog  as  low  as  2  miles.  In  making  these  estimates, 
however,  it  should  be  kept  in  mind  that  the  visibility  values  which 
were  used  in  plotting  the  points  are  visual  estimates  of  nighttime 
visibility  and  thus  must  be  considered  as  only  approximations. 

CONaUSIONS 

The  following  objectives  of  this  experiment  have  been  accomplished. 
Using  several  wavelengths  in  the  visible  and  near  infrared  spectral 
regions,  angular  scattering  diagrams  have  been  constructed  and  values 
of  Ogj.,  0^,  and  R  determined  for  the  entire  range  of  atmospheric 

conditions  prevailing  in  Los  Angeles,  California,  during  the  nights 
01  AugviiiL  and  September  i960.  For  the  type  of  nighttime  atmospheres 
encountered  in  this  period  of  the  year  in  Los  Angeles ,  numerical  values 
of  o-tau  very  approximately  estimated  from  observed  visibility, 

the  lack  of  reliability  resulting  for  the  most  part  from  the  difficulty 
in  establishing  nighttime  visibility.  Relative  hiimldlty  and  contaminant 
measurements  in  downtown  Los  Angeles  were  of  little  help  in  predicting 
nighttime  values  of  htau>  although  some  correlations  were  observed  be¬ 
tween  Ogj,  and  relative  humidity.  For  the  atmospheres  and  ranges  con- 
•'emed  in  this  study  the  presence  of  high  thin  cloud  or  of  low  ragged 
cloud  ’;''.own  in  from  the  ocean  had  little  measurable  effect  on  R  or  on 
any  of  the  a;  ‘  cnuation  coefficients,  including 

Although  the  rangt  ■  ri  ghttime  o^^u  to  be  expected  during 

a  typical  August- September  per  !.od  has  been  established,  large  fluctu¬ 
ations  both  with  respect  to  time  unc  ri->'ection  from  source  will  occur. 

Curves  showing  atmospheric  transmittance  j',  a  hjt  black  body 

source  at  6000OK  and  a  flat  receiver  facing  the  sovircp  ■ -!tsus  slant 
range  have  been  plotted  for  four  typical  atmospheres. 
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TABLE  2 


WEATHER  CONDITIONS 


Weather  Type 

Dates 

Remarks 

No  cloud,  moderate  haze, 

8-10 

None 

visibilities  estimated 

8-12 

None 

4  to  8  miles 

8-15 

None 

8-16 

Light  fog  with  visibilities  less  than 

3  miles  at  end  of  test  period. 

8-17 

None 

8-18 

Visibility  decreased  from  8  to  4  miles 
during  test  period. 

8-19 

Light  fog  observed  in  the  vicinity  of 
sotirce  near  end  of  test  period  at 
which  time  the  relative  humidity  was 
above  9056  in  downtown  Los  Angeles, 

8-23 

None 

8-30 

None 

9-6 

None 

9-13 

Visibility  rapidly  dec reeling  near 
end  of  test  period. 

9-17 

None 

9-18 

None 

9-22 

Visibility  decreased  from  8  to  4  miles 
during  test  period. 

No  cloud,  light  haze. 

8-11 

Visibility  estimated  I5  miles. 

visibilities  8  to 

8-14 

Visibility  estimated  10  miles. 

15+  miles 

8-31 

Visibility  estimated  I5  miles 

9-1 

Visibility  increased  during  test 
period. 

9-4 

Visibility  greater  than  I5  miles, 
li^t  East  winds. 

9-5 

Visibility  estimated  12  miles. 

9-10 

Visibility  estimated  10  miles,  Down- 

towi  L.A.  relative  humidity  less  than 


TABLE  2  (continued) 


Weather  Type 

Dates 

Remarks 

9-11 

Visibility  decreased  during  test 
period. 

9-12 

Visibility  estimated  8  miles. 

Variable  cloud  over 

8-21 

I 

Variable  low  stratus,  visibility 

range 

increased  from  6  to  10  miles  during 
test  period. 

8-22 

Scattered  to  broken  low  stratus  during 
most  of  test  period.  Visibility 
estimated  8  miles. 

8-26 

Broken  to  overcast  low  stratus  during 
last  part  of  test  period.  Visibility 
decreased  during  test  period. 

8-27 

Low  overcast  appeared  at  end  of  test 
period.  Visibility  decreased  from  10 
to  3  miles  during  test  period. 

9-7 

High  scattered  cloM  (l6,000  ft) . 

Visibility  estimated  6  miles. 

9-8 

High  scattered  cloud  (13,000  ft) , 

Visibility  estimated  15  miles. 

9-21 

Broken  to  overcast  low  stratus. 

Visibility  estimated  8  miles. 

TABLE  3 


RESPONSE  El,UCTUATIONS,  ARRAY  NO.  4 
GRIFFITH  PARK  STATION,  20  SEPTEMBER 


Flash 

No 

Normalized  Response  of  Photomulti¬ 
plier-Filter  Combination.  amps 

Percent  Difference  from 
A-1  Response 

A-1 

A-2 

C-l 

C-2 

A-2 

C-l 

c-2 

1 

0.880 

0.855 

0.640 

0.796 

-3.1 

-30.2 

-10.6 

2 

0.840 

0.806 

1.120 

0.796 

-4.3 

+35.2 

-  5.5 

3 

0.820 

0.822 

0.520 

0,687 

■fO.3 

-37.7 

-16.7 

0.840 

0.822 

0,720 

1.043 

-2.3 

-15.0 

■♦25.5 

5 

0,81*0 

0.822 

0.600 

1.043 

-2.3 

-30.2 

+25.5 

6 

0.840 

0.822 

0,920 

0.714 

-2.3 

+10.1 

-15.9 

7 

0.840 

0.822 

0,800 

0,934 

-2.3 

-  5.0 

+11,8 

8 

0,740 

0.789 

1.200 

0.604 

46,2 

■<57.9 

-17.1 

9 

0.800 

0.789 

1.160 

0,824 

-1.4 

■♦45.3 

+  3.0 

10 

0.760 

0.756 

0.640 

0,659 

-0,5 

-15.0 

-12.7 

11 

0,760 

0.789 

0.520 

0.796 

+3,6 

-30.2 

+4,5 

12 

0.760 

0.756 

1.160 

0.961 

-0.5 

+50.3 

+25.3 

13 

0.740 

0.756 

0.800 

0,714 

+2.0 

7.5 

-  3.3 

14 

0.700 

0.740 

0.520 

0.769 

+5.0 

-22.6 

+  8,7 

15 

0.760 

0.773 

0.600 

• 

0.576 

+1.6 

-20.1 

-23.2 

Average  of  Absolute  Difference  2,5  27.5  13.9 
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Fig.  2  Observation  truck  with  field-of-view  device  in  oper¬ 
ating  position.  Round  tube  beneath  field  of  view 
device  is  part  of  the  triggering  circuit. 
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relative  response  of  receivers 


FiK«  3  Curves  showing  product  of  photomultiplier- filter 

combination  and  flashlamp  output  versus  wavelength. 
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MlAiUHHO  S^TATIOK 
UCHT  SOURCI  JTAflQH  <KlV|C9m^ 

iTAtlOH  WAMI 
■  ANCI  I  «HV  «»t>~ 


r^TE  PLAN  OF  ATMOSPHERIC  ATTENUATION  RANGES 
LOS  ANGELES,  CAL.,  1960 


Fig.  ^  Map  of  atmospheric  atteaiaation  test  area.  Figures 
beneath  name  of  measuring  station  show  distance  in 
miles  from  light  source,  and  elevation  in  feet. 
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SOUT' 


FIELD  OF  VIEW-64‘“  HALF  ANGLE 


kh 


Fig.  7  RaJige  view  from  Lacy  receiving  station,  looking  toward  light 
source.  Arc  shows  the  64--deg  half-angle  field-of-view  as  se^ 
by  photomultiplier  above  the  artificial  horizon. 
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Range  view  from  Ft.  Moore  receiving  station 


Range  view  from  Southwest  Mu.seum  receiving  station 


Fig.  13  Range  view  from  Springvale  receiving  station 


Pig.  l4  Typical  curves  of  photomultiplier  response  versus  field-of- 

view.  See  text  for  complete  explanation.  The  plotted  points 
represent  experimental  data  except  for  the  X,  which  is  the  aver¬ 
age  of  the  three  plotted  values,  and  the  triangles  which  are 
ej3)lained  in  the  text. 
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AUGUST  SePTEMBER 


Fig.  15  Individual  c  values  for  each  test  day^  X  =  0.40(i.  Encircled 
points  obtained  with  cloud  overhead. 
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August  SePTEMBER 


Fig-  16  Indivld\ial  values  for  each  test  day^  K  =  0.5Cvl.  Encircled 
points  obtained  with  cloud  overhead- 
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Fig-  17  Individioal  values  for  each  test  oB.y,  =  0-77^*  Encircled 
points  ohteLined  with  cloud  overhead- 
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Fig.  l8  Individual  a  values  for  each  test  day,  0.88 p,  .  Encircled 
points  obtained  with  cloud  overhead. 
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Fig.  19  Individual  a  values  for  each  test  day,  0.4C|a  .  En¬ 
circled  points'^obtained  with  cloud  overhead. 


Fig.  20  Individual  a  values  for  each  test  day,  \  =  0.5Cp  .  En¬ 
circled  points  obtained  with  cloud  overhead. 
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Fig.  25  Individual o 


values  for  each  test  day,  \  =  0.50li 
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Fig.  27  Frequency  distribution  of  all  experimental  a  values  for  the 
four  wavelengths. 
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Fig.  28  Frequency  distribution  of  all  experimental  o.  values  for 
the  four  wavelengths. 


60 


Fig.  30  Individual  a 


iV\e 


values  for  each  test  day  (  \  =  0.50ti) 


ESTIMATED  VISIBILITY  (MILES) 


Fig.  51  Individual  values  versus  estimated  range  visibility. 

Encircled  points  are  for  data  taken  with  clouds  overhead. 
The  dashed  line  has  been  drawn  to  fit  the  average  values 
which  are  plotted  as  X. 


LOS  ANGELES  RELATIVE  HUMIDITY  (%) 


Fig.  52  Individual  o  values  versus  surface  relative  humidity  at 
Los  Angeles  for  wavelength  O.^Ovi.  Encircled  points  are  for 
data  taiten  with  clouds  overhead. 
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'Fig-  3^  Individual  o  values  versus  relative  liuraditv  aloft  lor 

wavelength  Encircled  points  are  for  data  taten  with 

clouds  ove rhead . 


■ 

• 

1 

■ 

■ 

■ 

■ 

■ 

■ 

• 

■ 

■ 

■ 

■ 

1 

■ 

■ 

© 

•€) 

r 

■ 

■ 

■ 

■ 

■ 

■ 

• 

• 

• 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

• 

■ 

■ 

■ 

■ 

B 

»• 

• 

• 

■ 

■ 

■ 

■ 

■ 

■ 

• 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

_ 1 _ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

o!? 


10  20  30  40  50  60  70  80  80  100  0  10  20  30  40  50  60  70  80  90  100 

L.A.  RELATIVE  humidity  (%) 


5  Individual  a  values  versus  surface  relative  humidity  in 
Los  Angeles  ?8r  foiu-  different  wavelengths. 
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Fig.  56  Individual  cr  values  at  wavelength  0.50vi  versus  NO  •  content 
for  four  diffluent  ranges  of  relative  humidity  in  doTOtown 
Los  .''ngeles.  Encircled  points  are  for  data  taken  with  clouds 
overhead . 
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Fig.  57  Individual  a  values  at  wavelength  O.^Op  versus  K  readings 

for  four  different  reinges  of  relative  humidity  in  Sowntown  Los 
|\ng|les.  Encircled  points  are  for  data  taken  with  clouds  over- 
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Fig.  59  Individual  o,  values  at  wavelength  0.50vi  versus  Ozone  con¬ 
tent  for  four^Slfferent  ranges  of  relative  humidity  in  down¬ 
town  Los  Angeles.  Encircled  points  are  for  data  taken  with 
clouds  overhead. 
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DISTANCE  (MILES) 


Fig.  4l  Plots  of  R  versus  D  for  two  wavelengths  on  50  August  i960. 

Approximately  5  hours  time  differential  between  runs  1  and  5. 
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DISTANCE  <MILE5) 


Fig.  42  Plots  of  R  versus  D  for  two  wavelengths  on  5  September  196O. 

Approximately  5-l/2  hours  time  differential  between  runs  1 
and  4. 


distance  (MILES) 


Fig.  44  Plots  of  R  versus  D  for  two  wavelengths  on  27  August  i960 
See  text  for  discussion  of  differences  betv.'een  runs  2  EUid 
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distance  (MILES) 


Fig.  14.5 


Plots  of  R  versus  D  for  two  wavelengths  on  7  September  i960. 
See  text  for  discussion  of  differences  between  r\ms  2  and  4. 


74 


Jig.  46  Semllog  plot  of  B(0)/b(1O°)  versus  0  for  three  different 

nights — all  at  wavelength  0.5C)p.  See  text  for  description 
of  the  meteorological  conditions  during  each  night. 
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Fig.  48  Shadow  bands  produced  by  atmospheric  striations  in 

a  photograph  of  Sirius  taken  with  the  200- inch  tele¬ 
scope  at  the  Palomar  Observatory. 
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Fig.  49  Diagram  of  photomultiplier  arrays  used  in  transmission 

variability  studies.  A  and  C  designate  photomultiplier- 
filter  combinations  with  rcaxirnuir.  responses  to  lamp  at 
wavelengtiis  0.40p.  and  0.77n,  respectively. 


SERIES  1  SERIES  ^ 
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Fig.  50  Average  differences  between  normalized  responses  of  four 
photomultiplier- filter  arrays  at  Griffith  Park  station  20 
September  i960.  A  and  C  designate  photomultiplier- filter 
combinations  with  maximum  responses  to  lati^)  at  wavelengths 
O.UOp  and  0.77u,  respectively. 
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RELATIVE  IRRAOIANCE  ►r  RELATIVE  iRRAOlANCE 


RUN  I  RUN  2  RUN  4 

Flash  identification 

Fig.  55  Comparisons  of  calculated  irradiances  at  two  different 
stations  for  identical  lamp  flashes,  I7  September  i960, 
wavelength  0.40p..  See  text  for  description  of  corrections 
made  for  difference  between  the  two  station  distances  from 
the  source. 


RUN  I  RUN  2  RUN  4 

Flash  identification 


Fig.  56  Comparisons  of  cEilculated  irradiances  at  two  different 

stations  for  identical  lan^)  flashes,  I7  September  I96O, 
wavelength  0.50p.  See  text  for  description  of  corrections 
made  for  difference  between  the  two  station  distances  from 
the  source . 
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RELATIVE  IRRAOIANCE  ^  RELATIVE  IRRAOIANCE 


relative  iRRADIANCE  hri  RELATIVE  IRRADIANCE 


.  6l  Comparisons  of  calculated  irradiances  at  two  different  stations 
for  identical  lamp  flashes,  l8  September  I960,  wavelength 
0.77p.  See  text  for  description  of  corrections  made  for 
difference  between  the  two  station  distances  from  the  source. 


ATMOSPHERIC  TRANSMITTANCE 


Fig.  65  Plot  of  atmospheric  transmittance  versus  slant  ramge  for 
various  soxirces  and  atmosphej’es.  Solid  curves  are  for 
aureoled  transmission  of  radiation  from  a  black  body  4i( 
radiator  at  6OOO  K  with  atmospheres  as  follows:  1  and  2, 
Nevada  desert,  visibility  65  and  55  miles,  respectively; 

5  and  4,  Los  Angeles,  California,  during  period  August- 
September  for  visibilities  12  and  6  miles,  respectively. 
Dashed  curves  are  from  Figures  5-5A  and  5-5B  of  TM  25~200‘^ ' 
as  follows:  5  and  6  are  for  air  bursts,  \'iBibilltieB  50  and 
10  miles,  respectively;  7  emd  8  are  for  surface  bursts, 
visibilities  50  and  10  miles,  respectively. 
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Defense  Threat  Reduction  Agency 

45045  Aviation  Drive 
Dulles,  VA  20166-7517 


May  6,  1999 


MEMORANDUM  FOR  DEFENSE  TECHNICAL  INFORMATION  CENTER 

ATTN:  OCQ/MR  WILLIAM  BUSH 


SUBJECT:  DOCUMENT  REVIEW 


The  Defense  Threat  Reduction  Agency's  Security  Office 
has  reviewed  and  declassified  or  assigned  a  new 
distribution  statement: 


-AFSWP-1069,  AD-341090,  STATEMENT  A^ 
^DASA-1151,  AD-227900,  STATEMENT  A  • 
-DASA-1355-1,  AD-336443,  STATEMENT  A' 


0 


(A 


'7 


DASA-1298, 

DASA-1290, 

DASA-1271, 

DASA-1279, 

DASA-1237, 

DASA-1246, 

DASA-1245, 

DASA-1242, 

DASA-1256, 

DASA-1221, 

DASA-1390, 

DASA-12H-37- 


AD-285252, 

AD-444208, 

AD-276892, 

AD-281597, 

AD-272653, 

AD-279670, 

AD-419911, 

AD-279671, 

AD-280809, 

AD-243886, 

AD-340311, 

AD-717097, 


STATEMENT 

STATEMENT 

STATEMENT 

STATEMENT 

STATEMENT 

STATEMENT 

STATEMENT 

STATEMENT 

STATEMENT 

STATEMENT 

STATEMENT 

STATEMENT 


-  DASA-1285-5,  AD-443589,  STATEMENT 


A  ^ 

A'' 

A'^ 

A 
A 
A 
A 
A 
A 
A 
A 

A  OK 
A 


'  DASA- 1714, 
■-DASA-2214, 
-■DASA-2627, 
-DASA-2651, 


AD-473132, 
AD-854912, 
AD-514934, 
AD-514615, 
AD-  87  6  6  9.7-7- 


STATEMENT 

STATEMENT 

STATEMENT 

STATEMENT 

-S^AtTEMENT 


A 

A 

A 

A 

A- 


-  DASA-2  72  2T-V3,  AD-518506,  STATEMENT  A 
-DNA-3042F,  AD-525631,  STATEMENT  A 
''DNA-2821Z-1,  AD-522555,  STATEMENT  A 


If  you  have  any  questions,  please  call  me  at  703-325- 


1034  . 


ARDITH  JARRETT 

Chief,  Technical  Resource  Center 


r 


